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Dr». John Dessauer 
The' Häloid Company 
Rochester 3', New York 

Dear Dr. Des sauer'* 

We are enclosing S>6 copies- of Quarterly progress 
Report Mo-. 7 Qn CöntinuousT-Tone .Blectröphötpgraphy. 
This report covers the work for thfe threes-month period 
fron December l£, 19k9?  to Sareh l£, 12S>0„ • 

Data giving- the engineering design specifica- 
tions for the process as it is carried out &.t present 
have been obtained,. Work consisted of detailed informa- 
tics ©n the geometry and 'spacikig öf parts^ voltages .to 
proVj.de, plate preparation data, etc. Further work is 
being done to determine more exactly the operational data, 
such as latitude of" exposure and best charging, and develop* 
ment conditions for different subjects -having a- yariety of 
brightness and contrast ranges-* 

A new method of development utilizing a spray 
of dry powderi different from liquid spray previously 
reported,, has produced pictures of very fine grain, and, 
pleasing tonal values. 

~~ "    .Äoaiegiv^trTäRsfiF Wnä. ädheMye-f'ixing techniques ~ 
vhave proved r/ery successful. These completely eliminate 
•electrical breakdown during transfer which, was. .a difficulty 
encountered with electrostatic transfer'. 

Very truly yours, 

LE.'hswr 
Erie, ($6} 

Lewis S. walkup 
Assistant Supervisor 
graphic: Arts Research Division 
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(December lS> X9k9s to March 15-, 1?50:) 

on 

CONTIMOUS-TONE ELECTROSTATIC SKXTROGMPHI 

~5*Qr 

THE HALOHS eeiPÄ-  -   -  . 

.(Subcontract Under Signal Corps PMrrie "Contract 
• NQ, 76<M)3? sc-36851)' 

(Department of the Army Projects   3~99^0l^©|2> 

.(Signal Corps Project:.   195- F) 

W 

R* M. Schaffei?t, D. T> Y&Lliäias, end Li E* tfalkup 

IDfi'C&TlVE^OF IffiSSSRCKs "W evolve, ah^eWecWöstatic electrographlc 
- system capable of 'reproducing continuous- 

tone, .photo graphs; - 

P 
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March l£, 19^0 
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QUARTERLY PROGRESS REPORT MO. ? 
(December i!?., 19~h9p £& -March 1$3  195©) 

on 

C01JTIITÜOÜS-TONE SLECIR0S.2a.Tie SLEClIiOGRAFHY 

to 

THE' HALOID COEPANI 

{Subcontract Under Signal Corps Frirae- Contract 
ilQ.., t36~039 sc-3^1). 

(Department of the Array Project:   3~99-Oi|.-©^2) 

fSignai. Corps Projects    V)% B) 

from 

BATTELLE HEjiORlM. INSTITUT! 

by 

R, E. Schaff ert^ D. T.  v?illiams> and L» E* V/alkup 

March \$, 19^9 

.SUafARf 

This report coders e<xperimental wrk on continuous-tone electro- 

photography frgn December 15', 19l#, to Harsh 10.. 19j0. ~ 

'Jor> <m  -this project for the past quarter included both a 

continuation of research on the over-all electrophotographic presess and 

tthe esiablishmeht of detailed engineering information on the process as it 

stands at present. The^establishmen-t of engineering informatioh was* 

necessary to allow the' completion of the design of an electrophotographic. ' 

camera. This inföririatien Vräs submitted to The 'Haloid Company on February 

ly   l'95Öc 
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The detailed investigation of a large number of variables in the 

process was necessary to provide the necessary data for camera design* 

The. work is divided into five broad groups, namely.: (1) plate preparation 

techniques and plate characteristics, (.2) plate sensitizing technique' 

and potentials to be used., (3) factors concerned with plate exposure> 

CU) plate-development requirements and control, and (5) transfer and 

fixing- methods.»- 

Ih group number one, ä brass-backed-^ s§ieniüm=coated plate is 

recopnerided, the coating being 50 microns in thickness. Such ä plate 

is- capable of sustaining 2-75 volts without suffering electriqal breakdown 

and, thereby, Is  capable of producing images without pp;ifdey>-deficient 

areas and excessive graininess. Further, these plates have exceptionally 

slow potential-decay rates, in the dark and have: adequate light sensitivity 

to achieve ASA tpe.eds in the range of 12 to 25 in daylight; 

Im group two, concerning plate sensitising, techniques, a study 

was made of the best available model of a potential-control, charging 

unit to determine, the effect of its voltage characteristics and geometry 

<m the charge produced on ei^ctesphetogräphaic-plates* —T-he. Variables-of 

corona voltage, grid voltage, grid-tq-plate /spacing, and rate of traverse 

of the plate under the charging unit -were investigated.. These factors 

are not-so critical im affecting plate potential as tp offer seriouö 

cöntro.l problems... A brief series of prints-was made to determine the 

effect of different initial plate potential's on image density. It was 

found that, the plate; potential from .one/ charging to another can vary over 

wide limits ^approximately a, l@Q-volt range from 15Ö vo-ItS:. to. -2-50 volts, OE- 

more) with very little change in image density, 

RESTRICTED 
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In .group t%re,e-, involving factors concerned with plate exposure, 

oniy one test concerned with exposure alone was carried; out* This was 

to study the effect pf extended time intervals between sensitizing and 

exposing the plate and hetvreen exposing and developing the plate. A time 

interval of '20 -minutes-, either before- or aftor- es^Qsitre.». can be expected 

bo have very little effect oh  image density or tone quality» 

In group four, involving development requirements and control, 

several different oicperirients were conducted. The siost advantageous 

spacing ^of wires in the- development grid was found to be: about |0 wires 

per inch-, and. the best .grid•tö^plate spacing' was found to be about 

0.050 inch,, Tests on powder boxes show that the; most dependable powder-r 

cloud, generator, fovnd to date,, is comprised of one, brush, having a 

single row of bristles, mounted to reciprocate in a box, the dimensions 

of which are 5 by 6 by 2=1/2 inches? This powder-cloud device; is 

capable of producing repeatedly .electrophotographic- prints 'of acceptable 

•quality. It is possible to make 10 or 12 .prints from such a box, using 

a single 65-rgram developer charge (Al-5 pewder and glass bead carrier) 

before a decrease in image density becomes- noticeable. A brief study of 

development-grid cycling, or -grid', voltage adjustment during development, 

revealed that imprbvi=d tonal rendition can be accomplished in this way, 

but-that the results, .of .such a. pi_o.eedur_e .are .critically .dependent .on. ... 

exposure. A series of 2k .prints, made us.ing. the brush-box cloud generator 

with a single charge .of developer, showed that the variation in density of 

a print of ä given subject is expected to be plus or pinus 0.1 density 

unit at a density öf Ö.9-. '  

RESTRICTED BATTEL_I_E MEMORIAL. INSTITUTE 
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In .group five.,   concerned with transfer and fixing methods, it.- 

is shown that the adhesive-tape method of transferring the powder image 

from the electrophotographic plate to the white-^backed print is definitely 

superior to the electrostatic transfer method* Adhesive transfer utilizes 

ä white-, opaque, pressure-sensitive tape which is pressed firmly »against 

the powder i:rage on the plate by means of rubber rollers. The tape, is 

removed from the plate and the transferred image covered with- a transparent 

adhesive tape tro protect, it and make it perinsBeiat, The tapes available 

for this use at the present time, while not ideally suited to the 

purpos„ef, -will produce prints of very good quality. At our request, 

tapes which should be more suitable are being -made in exper Mental lots' 

by the supplier of the1 tapes used-at present. 

Three mothöd& of controlling the' polarity of the- powder particles 

in- the .cloud near the plate surface were investigated. The most, 

•successful method uses a (grid held ,at high negative potential, whi,eh 

attracts, the undesired positive-iy charged particles, and thus removes them 

from the cloud. Experiments on such a sorting grid have been reported 

previously, but ä comparison with other methods of accomplishing the same 

~eSa:resu£t was ;no7t/made in the previous work. 

k -method of spraying dry developer powders has been used success- 

.fuMy to produce olectrophaj»graphic prints of finer grain than those 

obtained with the, pov/der.rtc'laud boxes of the agitator or .brush, type. The 

rendition of töne with powder spray is. also superior to that produced by 

the' agitator or b-rush-rtype powder-cloud box and approaches the over^all 

quality produced by liquid-spray techniques. This, powdef-^spray method 

i ni 
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has riot yet been applied to development in an enclosed box, but certain 

modifications of the method will probably be adaptable to. an enclosed box* 

A  study of one step in the cleaning technique for the brass plates 

prior to coating vritn selenium Käs shown that the petroleum fraction of 

the Glass 'fax, is responsible for the good results in this« application.. 

Coating the brass plate with a very' thin layer sf paraffin instead of 

scrubbing the plate with .Glass ifex has the. säae beneficial effect on 

electrical characteristics of the •electrophotographic plate, 

Gräininess in prints made from phosphor-coated plateö is directly 

dependent upon particle size in the phosphor. A decrease in particle 

size from %$  to 5 microns produces a. definite taprovement in grain 

quality«- 'Picture quality and. accepted potential are directly dependent 

upon the thickness of the phosphor layer tip to a thickness of 0,007 inch 

(170 microns;).. A further increase in thi'ckness' does'inot further improve 

print quality or increase the accepted potential (under the charging 

•conditions used,);. Phosphor pla=tes made by sprü3r
5l dip=, and doctor-blade 

techniques have electrical and print-making properties which essentially 

are the same. 

FqauME 'MILK 

Pmcqss  details which involve the operation -qf the- ele-gtrcphqtoi? 

graphic, camera 'rail receive' primary attention. \;ork will also be done 

with th'e-brush-type development box to improve, thp homogeneity öl the 

cloud and reduce the number ,of agglomerated powder particles produced. 

BÄSTELJLE MEMORIAL INSTITUTE 
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Research on the' broader- aspects of continuous-tone electrophotography 

will continue insofar as such activity -docs nö-t delay the wp.rk more 

closely connected with camera, design and operation. 

The following *specific points concerning process dbtails will 

receive particular attention; 

lr Improve uniformity of powder-clöud density and reduce number 

>f agglomerated particles in the cloud. 

2.. improve fidelity of density reproduction. 

3= Study the process conditions to determine the effective plate : 

spd'ed and optimum exposure using different plate potentials, c variety of ; 

exposure conditions, and- different modifications wf the brush-type deyelop^ 

merit box. ._ --- — 

Ij.. Improve the. materials and techniques used in the adhesive 

transfer and fixing operations-. . 

Various combinations of brush designs 3  bristle types^,
c,stroke 

lengths1 and frequencies, types of developer powders and baffles, will be 

investigated. The .effects of cloud-generator design,- powders used,, plate 

potentials and exposure 'Conditions on töne», ör density, rendition mil -bo 

studied. The effect of different, initial plate potentials and a variaty 

of exposure cönditionss including- wide ranges of brightness, and contrast, 

;eh- .efxc'ctivei plate speed and image quality will also "be investigated. 

Adhesive transfer tapes rath less tack and with smoother .adhesive surfaces 

will <be procured and tested.   

The- feasibility of adapting the :powd"ä.r~,spray technique to develop-r 

ment in a totally enclosed box will .be investigated. Both the powdef~spray: 

RESTRICTED 
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an'd liquid-^spray development methods will be refined tö improve image 

quality and to simplify the apparatus and its operation, so that they 

may be presented at the termination^ bf^thef l^ntract period as alternative 

development techniques, 

A study of the properties of phosphor plates, will continue) at a 

reduced rate of effort. Some work trill also be done on the determination 

of particle charge and density in the pövrder cloud, 

PUBLICATIONS AND IMPORTS 

(None) 

mGINEERIIG iWÖfllkTM FOR SSSIGM OF 

In order-^te ^havs-a— epmpl;&-te--afid working electrqphptögrapnic 

camera before the termination date of this contract (June Ik-,- 195®)••=>• the 

date of February 1, 1950, vfas set as the time when-the necessary 

engineering information on the process, as it stands at present, should 

be sent tö The Haloid Company for use in the final camera design. This 

detailed engineering information has been assembled and was reported to 

-represcntativGB from- The Hale-id SöTüpany ,äx the- tdSic» of tne'ir "v'is'it vo, 

Battelle on February 1.,. 1950. This information iv&s also submitted,, in a 

letter,. to Dr. Jcssauer of The Haloid'Company. A copy of this letter is 

included in the Appendix of this- report. 

RESTRICTED 
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ISidi -of the information Siven in this letter to pr. Bossauer has 

boon reported in previous Quarterly Progress Itepbrts. However, part of 

the information resulted from recent work aimed at completing the basic 

engineering information necessary to construct an electrophotographic 

camera... This work is described in the following sections, along with 

-other1 experimental work -completed. 

Pli E. Bariton,, E. C Bicker> and 0. A. Ullrich 

Agitators fcjr the -EöwdprjrClöud Box 

govora-l "designs of agitators have been made and tested in the 

powder-cloud box. An agitator consisting <6f a single brush which brushes 

over ä coarse screen fastened to the bottom öf the fe.ox has produced the 

best and most dependable cloud for developing continuous-tone elactrq-r 

photographic images:. A developer consisting of uncoated g?.ass beads ana: 

A'13- powder has been used successfully in this brush-type bo.x7~ .Other 

methods of producing a cloud in the powder box, including cloth and 

cotton- impregnated with powder, were tried without success. 

Box and Agitator Design 

The powder^cloud box used -for this' work was constructed of brass 

sheet and '.had' the following dimensions: f> inches wide, 6 inches long, and, 

either l..£ inches .or % $  inches deep. Several .designs, utilized variously 
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shaped baffles which were moved through the powder. These baffles were- 

mounted on a rod 1/8 inch in diameter which passed through holes in the 

ends of the box* Figure 16© shows a cutaway" view of the box with baffles 

mounted oh- the reciprocating rod, Also shown in this figure are the 

cross-sectional shapes of the various types of baffles and brushes used- 

•A development grid was used which consisted of wires 0.003 inch- 

in diameterj spaced. $£> per inch,,, and mounted on, a frame, the outside 

dimensions of which were five by six inches. The free area of the, grid 

(inside dimensions of the frame) was four by five inches and it was 

spaced about 1/K) inch from the elactrapioto graphic plate surface * The 

grid Yiras placed in the plane of the top, or open side,, of the 'box. The 

box,, the grid, and the bade of the electrophotographic plate were all 

maintained at zero-potential for the tests made to compare the cliaracter- 

Istics of the various, types of baffles and brushes. • 

The developer consisted of a mixture of Aij powder and uncoated 

glass' beads in the ratio, of 1 to- 12 by weight, respectively. 

For the agitators; (a), (b)., (.CJ)A (;/d|> and (e ), in Figure- 160* the 

length of stroke used was "1-l/u- inches and the "frequency of reciprocation 

was about 120 strikes per minute« The length of stroke was limited to 

1-1/% inchQ,s,bc?gusg four or five baffle plates were mounted on the rod.. 

Those, above five baffles were reciprocated in a direction parallel tö the 

long dimension of the, box.     " 

Tha bru'sli agitator (f),'on the other'hand, consisted of a single 

brush» mounted to reciprocate, across, the wid^h, or i'ive>inch dimension,, 

of the box» Its stroke length was. approximately four inches?  An 18-mesh, 

RESTRICTED BATTEL.LE MEMORIAL «NSTiTiJTE 
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RECIPROCATING 
BAFFLES .(TYPE  d) 

^ 

CUTAWAY   VIEW   OF   AGITATOR -TYPE, POWDER-CLOUD  BOX 

I f- 

%. X 

m 
x 

4       • -      t 

-"                      I 

A 
-    -- 

-- _ 

_.j_  . .      -\ 1 
* . —r.^ * 

HOLES  THROUGH 
VERTICAL SAFFLE 

-— Cd) 

/v. 

"=?* 

A~—A: 
(O 

._JSL_. 

1,8 -MESH- 
SCREEN 

Ce) **r 
' i 

FIGURE   i-60. AGITATOR -TY4PE, POWDER?-©LOUD BOX AND 
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BAFFLES AND BRUSHES 
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screen was fastened to the bottom, of the box t"ö provide an irregular 

surface for the bristles to brush against^ thereby producing a more dense 

cloud. The bristles were of horse hair, one inch long. 

Results of Tests en Agitator Designs 

The baffles (a), and (b) (see Figure l60 )'did, not produce, ö 

sufficiently dense cloud to .develop ,an ele'etrophotographic imagf,. The 

objection, to design (e) was that it either threw both ppwder arid' glass 

beads,against the plate,, or did not produce a pewdcr cloud at alls 

Design (d) was the most success.fü^i. of the baffles, in that it. 

produced the most dense and uniform cloud of any of the baffle designs; 

however, it suffered from the same fault äs the others in that it was riot. \ 

capable pf consistently producing; a sufficiently uniform clouds This 

was particularly troublesome if, due to tilting or shaking, of the box* the 

developer öollected tp one side of the box* c - 

The brusir agitators were ""more"" "sübc^äsTülr than the baffles in 

producing uniform clcud -consistently, The -brush shown in -(f): of Figure 

l60 was the better <of the two.designs in 'that the cloud, was: more uniform 

in- density across the plate surface,. The density of the cloud was greater 

at the ends of the brush strpke, however. It was to, reduce the. area ahdJ 

magnitude of this ''end effect1« that this brush was reciprocated' across 

the -width of the box rather than along its length. Stationary baffles, 

with- their surfaces, horizontal,, and placed over the stroke-önd- positions 

if thpi hruslk, unproved, cloud uniformity .somewhat* Increase in-the depth. 

of the box tp 2,3- inches -also kaproved cloud unifcr-mity to -some, -extent,, 

but furthesf,increase in, depth only decreased the uniformity. 
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The principal fault: of this single-brush design, the best design 

found to date for producing a powder cloud in an enclosed box, is that 

the average cloud-particle size is not as small as the particle size in 

the developer 'powder' used. This results in ä tendertecy to produce 

agglomerates of powder which- give rise to undesirable graininess in the 

developed imagesy. i second fault is that this single-brush design 

produces cloud particles of both negative and positive polarities. Ways 

of coping with this- problem are discussed in another section of this 

report entitled '»Control of Polarity of Cloud-Particle- Charge". However, ' 

if proper care is exercised in the developing operation, poT/der- images 

ca;n be formed which are acceptably dense, fine grained, and of good 

•over-all appearance* These factors, concerning the care which must be 

taken,, are d-iq.cusscd in detail in several other sections of this report.. 

Several other methods of producing ä powder cloud, which were 

unsuccessful,include scraping or beating either cloth, carpeting or 

cotton batting,, which has been saturated with developer powder. Although, 

two of these, the scraping of a blade over powder-laden cloth or carpeting, 

were- capable .of producing dense -eloüds: öf powder when first used, they 

were unsatisfactory because they became depleted of powder so rapidly as 

to require frc.quent re toning. This. ,neM. Jlcr f sequent retoriing meant 

that cloud density varied widely .from print to- prints a_v.ery undesirable 

char a cteristi e. 
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Oontrolof Polarity of .Cloud? 
- "Particle Charge 

It is necessary for effective potential cycling of the grid during 

development to 'have particles in the cloud of only one charge polarity. 

-If, for a positively charged plate, some cloud particles with a positive 

charge arc present, they will deposit on the highlight areas when the 

grid potential is. raised in cycling. The presently used, brushytype, 

powder-cloud boxes produce a small,, but not. negloctable quantity of 

positive powder, 

The polarity of the cloud of particles reaching the plate can be 

controlled by three basic methods,. 

The first method is to produce particles of only one polarity * 

This may involve the use of materials for the brush, box, and carrier 

which are high in the trih©e lee trie "series compared to the material of 

the particle itscif.* Contact of the particles with this material., as= the 

cloud is produced, charges the cloud particles negatively. This has been 

experimentally accomplished by coating the. bristles of the brush and the 

interior p_f_the, box with- pöl^/vihyl acetate,,. _Jlbvfovcr^._as„ the; box JLg JISQCU 

negatively charged powder collects on the interior of the bpje, shieiding 

the coating and permitting- positively charged powder to be pspdnsed1 

again«. 

The second method of producing a cloud of particles charged to 

the same polarity is to- charge the particles after the cloud has been 

predu"eed'* This- can be accomplished to Jg_great extent a^f passing the 

particles through a field ^sustaining a, corona discharge. Experimentally, 

this method, appeared tö accomplish its purpose* However,, its use in the 
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development box "«as precluded.* Because the ionizätion produced reached 

the plate being developed and caused It to lose potential. 

The third method of controlling the cloud polarity at the plate 

is to sort out the particles, having the wrong charge. This can be done 

electrically by using a sorting grid between the cloud generator and the 

development grid.' The use of such a sorting, grid has been described in 

Quarterly Report. No* 3, page 29%,.    It was, reported "there that the sorting : 

grid., which was made of l/^-inch hardward cloth, increased-, the density 

and uniformity of the images but, in addition-, appeared to cause 

agglomeration of the powder deposited on the plate. The use of a sorting 

grid was. also reported on page 3,23 of Quarter:};'" Report No. k  in which a 

potential of 800. volts Negative was applied to the grid With .effective 

results. 

In- the present vrork, the grid consisted of' an, array of wires-,. 

0*010 inch in diameter,, spaced one-half inch apart, and in a plane seven- 

eighths inch from the development grid. Sorting" was more complete for 

higher sorting g-rid potentials, the upoer limit of potential bjsing the 

point at which cgföna discharge, started... A potential of 3000 volts.     

negative was found to be very satisfactory-. No trace of positively 

charged powder could be detected in the developed image, until the 

deveiopment-r-grid potent ial was1 raised, to. 1§0> volts, positive^ At this- 

voltage,, a very slight amount of powder deposited on the extreme hCgh^ 

light areas. 
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EXEER-BiENTS ON CHARGING ,„ EXPOSURE, 
AND DEVELOB^HT 

E-,  E. Carl tön," D. L. Fauser, R. EU Landrigan, D. F. MosJLey, 

Effect of Plate Potential on Graininess of Image 

The study of the effect of initial plate potential on the 

graininess of the powder image produced on the plate has- been, continued* 

The previous' work oh this subject was described in Quarterly Progress 

Report No* 6, pajSs' li;86^'i'|.88. ' There it was. reported that much image 

graininess results from overcharging' the selenium plate, causing .breakdown 

in the selenium layer, which -apparently damages the plate permanently. 

This daiaaje^ and' the gi-aihihess due tö it, can be avoided by sensitizing 

the plate under special conditions väth a potential-control charging^unit 

(Quarterly Progress Beppft Mo-. $,  pages l$5-lp.7'). 

The plate can be damaged by overcharging in at least three 

operations carried out on- electSophöSögräphic plates^ (.1) testing of -fee 

platei  (2) sensitizing of the plate, .and (3). electrostatically transferring 

the. powder image from the plate. 

Damage from sensiti-z~ang the plate was observed oh some lo-micrbn^ 

thick .selenium plates, when they rmxiQ  .cha-rgsd to .poAen-t&a-is as- low as- -2'£ 

volts-» By increasing the thickness of the seiLehium layer, the potential 

to .ihich- the plates \can be charged before, they develop ,-this1 breakdown 

damage is also increased-,, A 5ÖVmicr on.;-thick pläte; -pan be Ghaitgbdr¥o ab;out' 

300 volts, .(.positive potential) before breakdown begins to occur* Thicker 

plates -will sustain even higher voltages before breakdown^, but are not 

—    \ 
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usable in the process at present because of excessively high residual 

potentials which also results    Rep.ea-.ted charging of ^Q-rm-iGron plates to 

potentials near this 3Q0^VGlt limit value often causes moderate brealc- 

down to gradually develop.    Although no study has been, made with regard 

to safe limits bf potential for repeated ehar,gings j avoidance of graininess 

in prints due, to selen-ioitelayer breakdown, re commends the use. of as low 

charging potentials äs possible.      ^average SO-mie-ron- plate will not 

develop n&tieeable breakdown damage when, .charged to 275 volts or less in 

20 or 30 chargihgs. 

Operating Characteristics of the Kaloid-Büilt 3 
Potential-Gon'tror Charging ffnit 

In order to more effectively control the potential to which ä 

plate will be charged, the potential^cöntröi-gri^chargliif^evice. I-s used.-. 

This device was. first described for this project in QuarterDy Report 

No* 5; page Ü1J+. 

An improved model of the potential-control charging unit has been 

•designed and J»ade &t. The. Haloid Company, an<jl jeperal of these units have 

been provided for Gxpdrimental use ät Bättelle .Memorial Ins;t±tute. 

The operating characteristics of this potentialr-cor^TO    Triu> 

corona charging, unit built a.t The Haloid Goi.ipa-ny> have beer* Js vdied to 

determine the effect of ea^ch of four variables, ön- aeeepted<';Ä  *.o 

potential*    These variable§> we•tat    (l) potential on grid wi^.r ,' ( 2) 

Potentialen- corona-wa^es^-^:)- -spacing• be&Teen plate' aivl-gr „„.„ 

traverse rate of plate imder- charging unit.    The e-urv^ö in' "    'ros 16l, 

162, and 163 show these relationships. - 
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Data from these curves can be used to determine the limits of 

variation of each parameter measured for any given plate-potential 

variation. In the fallowing table these values are listed, along with 

the conditions which have been chosen as standard. 

TABLE Iß. PROPOSED STANDARDIZED iP^IDITIQNS-FOB POTENTIAL- 
CONTROL CÖÄÄQIN© 'UNIT 

Values 
xuim-TüS Ox 

Variation 

Plate potential %%$ volts (max*,) 

Corona potential 6^00 volts 

Srid-rtö-^pläte spacing' -Ö-..I8-7 inch 

Traverse rate .1 inch per s&cond 

ftr-id potential 180 volts 

±  £ volts 

£ 90 volts 

± 0^.015 inch 

± 0.18 inch pe.r 
second 

2 5-5 volts 

The .effect of corona -wire potential., on corona current? grM: 

current's and) current- to the plate being 'charged-., was also measured-. These 

data are :plotted in Figure 161;-*.   

Two other constants of the< charging unit were determined. These 

involved the potential of the .plate as a fupctio-n of its position with 

respect, to the charging unit. The first measured the potential o£ the 

plate äs, it progressed under the grid wires^ pie- .'second measured the 

potential of the plate under .and' bc3>"ond the end .o£ the- charging unit, in 

a direction parallel to tlic grid wires* Fibres' l65a. and l65b show the, 

results of these tests* 
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Although the potential-control-grid charging -unit is very effective 

in controlling the potential to which any given plate may bo charged, it 

does not in itself completely gpvern the- charging operation. Accepted • 

plate potential is still* to some; extent, affected by selenium-tfilm 

thickness (even when charged well below its maximum value) and duration 

•of the charging period« 

The first;, independent factor mentioned as affecting plate 

potential was the th-jick-ness .of the selenium»- -A 4dm=Gke^pls.te,, -or- 

thicker .areas of one plate,, will accept a higher potential than a thiSher 

plate. This difference is,, in some cases, roughly proportional to the 

thickness. 

./ith regard to duration o~f charging.. Figure l6'6 presents data 

taken on the vibrating-probe electrometer- in which a potential-control 

grid was used for charging. It shows clearly that, for ar© given 

geometry arid potential, on the charging unit-, a certain minimum time 

interval.,, generally several7 seconds or more j is required for-.the plate to 

reach its final potential-. This is also shown in- Figure l6lj in- which 

—final "potential proved to, depend greatly on the traverse rate of the 

Effect of Initial, Pla'te Potential on Image Renslty 

The effect of maximum plate potential on ima^e density was; 

investigated to aid iri establishing yplttage tolerances for the charging; 

•operation.." I'b was found that, for the same exposure, images, made from ä, 

plate .charged tp 1S>Q volts were only slightly loss' dense than images made 

J 
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from the same plate when charged to 28Ö volts. Therefore, a, large 

variation in initial plate potential can be tolerated from one charging 

to another, and still obtain prints of acceptable image density, This 

conclusion is based on work with three separate plates. 

The potential variation permissible across the surface of a plate : 

is very/.much smaller than the value cited above, however. To attain 

acceptable uniformity of density within any given small area of a print., 

the potential variation in this area must not b'o greater than, plus or- 

minus approximately two per cent» 

Effect on Image lensity »of, L.öngjTimer ..Intervals 
r~^~~r ' get'-TCeh Charging' and" Development 

A study was made to- determine permissible time intervals bo-üveen 

plate sensitizatibh and exposure and between exposure and developments 

It was found that, using the plates prepared under the conditions 

described on page £0iS- in the Appendix of this report, time intervals 

up to 7?0^ minutes can bo tolerated with practically no loss in mascimum 

pyiht deSsity and ho =hoti<v?ablo effect on tonal rendition. Such a time 

interval :can occur either before or after exposure.  . 

This work was carried out with three plates, No> 1^13-^0, 'D, 

No. :i=q.6-5>OT, and No. 1-16-^(3;^'. These plates were.charged to 2QQ volts 

potential, exposed in a. camera töx a silvef "hälidö contihuQus> tone pr'in-t> 

arid developed in a brush-ag|Ltator, powdbr-cloud box. A grö.yhdad, 5Q wire. 

per-inch, devclopm§nt .grid was used. Minimum time intervals- poss,ible\,. 

due tp necessary handling time> were I minute between charging and 

exposure and 1 minute between, expire, and development.. 
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Tho whole proicoss generally proved to be repoatable; that is-, 

when the same time intervals were used, the image densities generally 

appeared the same to the eye. However, at times, differences in print 

density did appear in images made wider supposedly similar conditions. 

These, differences were often greater than differences which appeared 

,;  between, images made using short time Intervals ,and images made using, long 

time intervals* Thus», it was shovvn- that the effect of varying time 

intervals up to 7Q minutes is generalily no greater than the effect of 

variations in the developing apparatus itself a These results are in 

excellent agreement with results to be expected: from the :sjLöw, dark-!- 

decay -rates, of the plates-, and also from the wide limits of initial 

•po-tentiäl which will produce, satisfactory prints. 

The effect of a 20-^hour period between _aharg-ingähd s-xposure 
t 

was also, investigated. In this case, the developed image showed a very 

decided decrease in overall density. The picture rr&s  complete, however, 

all details showing nearly as we.ll as in the prints developed after 

^r^lirtlve^^sliort time intervals. 

The offset of sur-ch an ext.ehded-tif.ie ih'torvar between exposure 

and development has not yet been examined. Here, it would be expected 

that. loss, of- detail and. blurring of the image might result from, both 

dark conductivity and surface conductivity on the plate. .A careful 

•cleaning procedure can eliminate, difficulty with .surface, conductivity., at 

least .at moderate humidities. 

Am. adequate cleaning pröcedUite consists ,of wiping the pila-te 

surface with a catton swab .saturated with absolute alcohol, b-lorbting the 

21 ED 
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surfacp dry, and exposnSig, the plate to a warm-air '.current for fivio or 

ten minutes» 

As reported above, time intervals up to' 70 minutes between 

sonsitization and development have appeared to cause no significant drop 

in imago density in limited laboratory expci-iments ; To allow for1 

unforeseen variations which may appear m the field, a time interval of 28 

minutes has been recommended for camera operation. 

;The,. Develebmentr-CohtrQä: Bf id 

Ä cursory study of the use of the development=cpntrol grid was 

undertaken to obtain data required for the design, of the electröphoto- 

iic camera. 

Tire spacing-in the grxdj and; the spacing between the grid and 

the plate were evaluated as to their effect on gräininess, fidelity of 

tonal reproduction.,, amount of hälö and general appearance of the image» 

The developer used was Al-f> powder with uncoated glass beads (1 to 12 

fä tie-> by weight). Both the oscillating.,, coivipartmonted tray and the, 

brush-type, powdof-clqud^bpxes were used. The plate vras  contact exposed 

using the setup shown in Figure- l6;9y presented in anather section of this 

report.. The grid .consisted of' 0.-003 ^inch-diameter wires .mounted- .on .a- 

l/2,-inch angle-iron frame with outside ddjcenBions. $. .by ü inches-.. 

"Tir.e spacings in thei grids used for this, work wöfe 30>, 6©^. arid! 

100. wires' per inch. The spacing between the grid wires and the plate to 

be developed was varied from-0.020 inch to 0.120 inch. 
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Tho results were as follows; 

i. Linas appear in the print due to iridvwire shadowing when 

the grid is placed too close to the plate during development. The 

spacing at Tfhick the lines Just begin to appear, defined here as critical ; 

spacing, is dependent- upon the potential difference between the plate 

and the grid,j the greater the potential difference,, the greater is the 

critical spacing. Using the shakcr-tray* powder-cloud box, the following 

data were: obtained.; 

Grid urith 30. Tares 
Per, Inch 

Grid With 60 Wires 
Per Inch 

' "Potential Between 
Critical Spacing,  Plate and Grid, 

Inch Volts. 

 Potential Betrosai 
Gritical Spacing,  Plate and Grid, 

Inch mits . .. 

0*01*0 
OsÖSfc 
0.089: 

22 
$0 

180 
0.05k 
0.0Ö9 

22 
160 

These data are presented only to show about what values can be expected, 

There are other factors which influence this interdependences of voltage 

and critical spa'cihg, among which may be the type of powder used and tihe 

charge on the powder. -For example, using the brush-tj-pe p.owder box, a 

potential difference of about. 200: volts can be used with a plate-to-grid 

spacing of Q>,.0k$ inch. This, is considerably more potential difference 

than was, permissible when the shaker box was used. 

2. No difference in image quality was. observed toetweeh the grids 

with 30)  60> and 100 wires per inch when each was used at slightly 

greater than its critical spacing. 

3. Development is faster, the closer the grids are placed to the 

plate.^ 

'<.,—.- 
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\,    The closer the 'grid is! to' the plate, the loss the haio effect 

be comes, 

5.    Development rate decreases cs the. grid-wire spacihgs become 

closer. 

.6.    For boat image quality and rcp:?ö~düeibilitgr> the grid wires 

must bo cleaned of powder particles before each use* 

Effect of Cyclirig the 'Grid Voltage During Development 

One promising method of improving the tonal rendition in electro^ 

photographic prints is by properly adjusting, or cycling, the voltage on 

the development grid during the development of' an linage-..    The basis for 

development-grid cycling and the procedure for accomplishing, it were set 

forth irr Quarterly progress Iteport No,- (s, pages UQ2 through hQ$.    Results 

obtained .subsequently show that it. is possible to improve; the tone 

quality of continuous-tone images: by dev-olopmont.^grid cycling $ using the 

brush-type powder-cloud box.    Effective control, which results: in a 

faithju-l -reproduction of- the subject, is very difficult to achieve and 

-requires extensive knowledge of exposure and dcy-Qlgpment conditions. 

(In the work reported here.,,, grid cycling, has consisted of using a series 

öf voltages only once during thö development of' an ±iiage, rather than 

repeating the scries once or more du-r-iBS the deyolepme-htr..')• 

A grayscale- transparency was used to determine the relation 

•between image density and, subject density for different development-grid 

potentials.  .The solid lines in Figure l6j plot image density versus, 

subject density Tor positive grid potentials of 0, k$, 90, and 135 volts,. 
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Sixty complete strokes of the brush agitator wore used tö produce .the 

densities in the imago. A reflection dehsitometor was used tö measure the; 

image- density.. By developing a gray scale in which, these different volt- 

ages wore applied successively, a gray scale having: densities,correspond-_ 

ing to the broken line in Figure 167 was obtaincd,t For this gray scale, 

the development consisted of 50 strokes of the brush at zero volts on 

the grid,, .20 strokes at +k$ volts,. 50 strokes at +90 volts, and lj?Q 

strokes at 1$'5 volts.. The 'choice .öf'-number of' strokes at the given 

voltages was somewhat .arbitrary, but. it naa based on .a study of the 

solid-line curves in the graph. This study .shaved that density in the 

image became deficient, at about 0.U and that the two- highest voltages 

started dope-siting. poxTÖor at and above this density, 

Tho wide spread in points for the broken line is due to noh- 

\iniform particle distribution, in the cloud. The broken line .does.,, 

however, represent a definite imprövyment in linearity between image 

density and subject- density^ 

A continuous-tone, silver halide-print was then used as the- 

subject, to study the effect of grid^peton-tial adjustment during develop- 

meht-r A series of electrophotographic prints were made at throe 

different grid voltages, -k%->. +U5, and +112 volts, respectively. These 

pictures -re shewn in Figure 1Ö8. Sixty strokes of the brush agitator 

-were, used. The «'affect vt the different voltages, can readily u>e seen,, 

particularly in the difference in the quantity of powder- deposited in 

the highlight areas. 'The picture :made at 112 volts is very badly "washed 

out". The picture at =ii5 volts is of very low contrast, but, does have 
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some powder in all but the extreme highlight areas, such as the teeth. 

The: picture at +U5 volts has the best density balance but leaves the 

face too coiitrasty. (.Similar effects off the, development-grid potential 

.scere. ..shesm ©n_ pä.2a 29k-Q'if Quarterly Report No» 3. They were made under 

more adverse conditions of plate quality and development technique.) A 

composite of thcGG throe using 10 strokes at 4£ volts, 10 strokes at 

+U5 volts and 200 strokes at *112 yx>lts, is also shown in Figure 165%. 

This is an example of the type of result that -rid-potential adjustment 

can accomplish^ but the exacts voltages and number of strokes to use at 

each- voltage are very dependent upon the initial charging potential and 

the exposure. 

These continuöusMxme Mages -were made using camera exposure 

of a. silver-haiide-print subject illuminated by two Kehry flash lamps., 

The powder-cloud box had a development-control, grid made with wires, 

©.003^inch. diameter spaced 0.02 inch apart* Tll.e grid was placed" 

approximately ohe-rsixteenth inch from the plate. The developer consisted 

of uncoated glass beads and Al^ powder, in the ratio of twelve to one by 

weight, respective^. The plate was .cnä-rged tö 200 völtsä  positive 

potential. ~~ _ 

Reproducibility of Image Density, ffsing 
Brush-Box Development"  

A preliminary study wasr raac!<= to dettgrmswe the variation which can- 

be expected in density -of prints, made 'under fixed conditions, with the 

.brush-type^, powder-cloud box, Under the- .conditions- described below, ä 
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variation in. density of 0,.l at an average density of 0.8 can be expected.- , 

About 10 to 12 prints could be made with, a single. eha-Ege of developer 

before print density began to decrease as the result of the powder being 

used up? _ 

The tests were made with three different plates. No. l-12-£0C~j 

No. 1-12-50D,- and No. 1-12-!?0F:> which- ware used in- rotation. They were 

•charged to approximately 2Ö0 volts using a potential-control charging 

unit, and exposed to a gray scale- using tungsten illumination. The 

exposure- was controlled by means of the iris •diäpfcragm; stop and the 

shutter of a 12-inch, t-h-$ lens* The arrangement of these parts is ?sh©wn. 

in figure l6„9» 

The1 developer box was- of the standardized £- by 6- by '2-l/2-irich- 

size, and had a horse-hair^-brush agitator* (This unit is described more 

completely on page £30 of this reports) The test was carried but. using 

a single 6'5-gram charge of developer in the box. The developer consisted 

öf'Al-^ p.owder arid' uncoäted glass beads, in the .r<...-y:\o. of 1 to 12, hj 

weight, respectively. Forty complete cycles of the brush at a rate of 

about two cycles per second were" used for the development of each image* 

A total of 22+ exposures and prints were made.  After each   _ . 

exposure to the gray scale, the potential of e-aeihi siep area on the plate 

•was measured. The plate was- then developed, the powder transferred by _ J 

the -adhesive method, and the -optical densities of each step were ineasured 

with s  reflection densitpmeter. The results of these measurements, oh one 

of the intermediate density steps of the gray-scale original are plotted 

in Figu.reT.70, This figure compares the platen-potential variation after \ 
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like polarity. The ultimate effect of such a behavior is that the larger 

particles, and particularly those which deposit first, will have pöwder- 

free areas or ha-l-os around them. In general,» the larger the agglomerate, 

the larger the diameter of the halo. A sketch of this situation is shown 

in Figure 171(a). 

It follows directly that t-h$ magnitude of the charge on both the 

single and agglomerated particles, should also be a factor whibh governs 

the diameter of tne hälös formeeU This Ms been found t© be :the~"base,.- 

If the particles are of essentially the same size, the halo effect 

is still present, of cpursj?. It dees not appear directly as._a. halo, -__--;.- 

however, but rather as it determines the average minimum, spacing between 

the particles* In this case, particles with higher charge will distribute 

themselves oh the plate surface rath much greater spacings between them 

than particles of smaller size* This effect is sketched in Figure 171(b). 

Measurements of powder density* using the reflection derisitometer, show_ 

that the higher the charge on the particles which deposit* the lower the 

density rail be, ail other- conditions being Constant. 

•ParticIe-rSize Distribution, in Powder,, Qlouds 

In Quarterly Progress Report No-. '6-, pages h^h-^k?.^)  one- of the 

recommendations was. to determine the, magnitude, of the sharge.. .oh, the . - 

individual, pärtielus and the total charge that would occur in a powder 

•cloud» Information of this type would; be very useful in- evaluating' 

powder-cloud deposits. 
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POWDER DEPOSIT WITH 
AGGLOMERATES  PRESENT 

(Q ) 

POWER   DEPOSIT   WilTH   NO 
AGGLOMERATES PRESENT 
l NÖTE : SINGLE LARGE PART- 
ICLES HAVE SOME HALO) 

!' 

r.s:»-** 
_ •      ? 

POWDER  DEPOSIT WITH 
HIGHLY  CHARGE#PÖ'WDERS 

J   l-  A 

POWDER  DEPOSIT   WITH 
LQ W - GH A RG ED P 0 WD ER S 

SCALE : -T XN.&K sAPPRQX, -1.0 ß 

FIGURE   i7',l, =P-|sF;F-ERElMCl^   IN   POWDER  DEPOSITS DUE   TO 
(es) AGSiÖiMERÄTJÖN: AND   (b) CHARGE   ON THE 
POWDER 
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Ira order to determine the magnitude of the charge; on ä particle, 

an electrostatic parti-Gl?  counter was built which consisted of a pick-up,, 

pre-*amplifier, amplifier, oscilloscope* scalar, and register.*   gy 

calibrating the oscilloscope, the charge of the particles can be 

determined, and by use of the scalar and register, the number of particles 

striking the pick-up can be determined.    In the counting system, a 

discriminator will also be used yjhich will permit the counting of only 

those particles which give a pulse' voltage greater than a. certain .minimum, 

value..-   By using selective discrimination at different voltages., while 

.studying the same cloud, the number of particles falling into ä certain 

charge range may be determined.   . 

The construction of the äp: aratus has been- completed except for 

the addition of the discriminator,    ^relimihary tests show- that, the 

apparatus will work* since not only have particles1 been counted, but the 

niagni tudey of charges have be.en estMäted=* -         

It is anci!?ipated that the following information may be obtained 

on por/äer clouds: 

 _J[.a.)   Variations, in cloudy.concentration and particle-size 

distribution-. 

(b).   Clouds ranging in concentration from a few particle a per 

ii.te,r -to. many, million, particlos- por liter can fee studied- and -the- ^off-ect 

•of concentration on cloud behavior determined. 

(c).   The effect of mechanical and elec/'irical dis-tiirbahces on 

particle behavior'. 

#   A* :C:,. Guyton *• journal .of Ind. Hyg* & Tox., Vox, :2'8-~ 1|:|- Cl?l|f > 
F'.  T.  Guckgr & C. T.. O'Konski -""Chemical .Reviews, tol.kk (ishS')* 

*==&   Jew 
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(d) Decay of clouds (loss of cloud -charge with time)-.- 

(e) Distribution of particles ty -charge and size can be compared. 

(f) Difference in behavior' between nonconducting and conducting 

particlqs, i.e*, the manner in which charge varies with size in the case 

of each type of particle* 

(g) Effect of velocity on particle charge» 

ALTERNATIVE G.CmWBVSrSQW B^75IiOIlEKT &I3TH0DS 

F. G. Andrüs^ Ö> L.. fäüser-, S. B- Landrigäiij 
«and R. B. Tom 

FoT/der^Spray„Me;':.hod of, Development 

A different method for producing a powder cloud, which consists 

of spraying, dry powder from an air guni, has. been used to develop images 

of excepti'önälly fine grain and pleasing tonal rendition.» Pictures made 

"by this powder-spray method approach in quality those made by the liquid- 

spray method, and show" much finer grain than pictures made with the 

pres-gni^brush-böx development msi^nöd.» 

The' process has been most successful using a paint spray gun*, 

operated rath air pressures from' :one to- ten pounds- per square inch» 

Developing powders which- are most adaptable to this type of 'cloud 

generation have very fine particle size and good dry~.flow properties.. 

Charging of the cipud particles has been accomplished by passing them- 

through- a corona discharge Just as they leave the spray gun. A diagram 

« Faint .Spray Gun-, Type EBG, manufactured by The DeKilbiss Company, 
.Toledc,'.(Dhio., 
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of the experimental setup used is shown in Figure 172. Two prints- which 

are representative of the image quality capable: of the process are, shorn 

in Figure 173« These- prints, were made with the spray gun in the setup' 

shown in Figure 172, using ball-milled charcoal as the developer powder•„ 

fhc success of this method im  producing prints of .such fine grain 

quality is. attributed to. the fact that the d'ovc-lopcr powder is passed 

through- a high-velocity air1 jet> which breaks »up the powder mass, and 

produces a cloud consisting almost wholly -of individual particles. To 

assume a. positive and continuous feeding of oho developer to tile spray 

gun> väthput resorting to special feeding devices-, it is -necessary that, 

the powders have good dry=ulow properties* 

The following powders have been used with the spray gun and found 

to feed well: Sfy Flow*, pulverized charcoal"**-,, graphite, and the 

electrophotographic developer powders listed in Table Iji.. This table  

gives the compositions of the various, developers listed above and the 

sources of the materialsrused. 

Some preliminary work has been done to further improve grain 

quality and increase image density through the use of carbon blacks. 

These were- ichosen both, because of tl 5ir blackness and their small particle 

size. The carbon blacks are available with an average particle size of 

less than- one-half micron. The powders listed above have particle" sizes 

.greater than one micron.  Sie .main difficulties ihvojLved in- the use -of 

the. fine »carbon biacL.s ä:re their poor dry^flow characteristics and their ; 

strong tendency to agglomerate. 

&~     'KJDD-lg, National S-ta-rch Products, 270 IJadiion A,ve;., New York 16, 
Now Torj?, 

##  Pulverised. .Gharcoal,,- George -Grave tz & Son, EV.Q. JBox %2h>  Auburn, 
7asMng-ton. This material was ball milled in our laboratory for 
sixteen -hours befor.e use. 
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liBLB 44..    3OTSLÖJPER POWDEBS USED WISH POWDEMPB^T 
TSCH^US 

Pcmder Kumber -Composition, ("by vreighty 

Al-20- 

4-25-49-1 

&rl-49-l 

5=2^49*1 

5-9^49-1 

5-10-T49T1 

80 .per cent Arnberol iN?!,. 20 per cent Haven Bead -Carbon 
Bla-ek 

55 per cent 'Uta 21,00 Super Beckacite, .35 .per cent Zein A,. 
10% Pigment Deep' Black,  Extra Cone'. 

55 per cent Amberöl F-71.,- 35 per cent Zein A;  tO per cent 
Raven "Bead "Car'bon'BiacK Cone. 

.55 per. cent .AmTberpl P-71;; '35 per cent Zein hi, 10 per cent 
Eol-rUp Ink " 

45 per cent Rosin, 45 per cent Zein. A,  10 per cent Raven 
Bead 'Carbon Black 

45 per cent Synthetic Copal Ester, 45 per cent Zein A, 
10 per cent Raven Bead Carboni Blacks. 

Manufac tur era 

Affiberol F-71 ~;The Reslnöüs Prödliöt„s & Chemical 'Go,  Philadelphia, Pa* 

Raven Bead Carbon Black- Bihney & Smith Co, iUr Y-ork, W,  % 

Wo,. 3jö0< Super EeGhacite - The ReichJao-i-d Chemicai Co.«'., Detroit, filch. 

Pigment Deep Black,. Extra Cone'.- Q-.ener.al Dyestuff Corp., IT,. !..*. I. Y. 

'Zein A«--? Corn Products Sales Co-,,  Pittsburgh, Pa* 

Synthetic, Copal Ester   -    The Reic-hhold Chemical Go-,, Detroit,» M%gh~. 
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other types of spray devices1 have been used successfully. These 

include the fly-spray type öf gun and the common medicinal-atomszer* 

The medicinal atomiser has particular advantage when it is desired to 

use iiho fane <earbon blacks, as it premixes the air and powder in the 

reservoir before passing them through the :nozzlo. This almost entirely 

eliminates, the tendency of the carbon particles to agglomerate.. A 

reproduction of ä silver halide photograph using the medicinal atomiser* 

L.~-and--Kosmps.-BB. .Carbpn...Bladdw is. shoim„in Eigure lflu>      _...__.. 

The process has also produced pictures similar- in quality to   ! 

that shown in Figure 171+, when the plate -t« be developed is placed on the 

standardized 5* by 6- by 2.-l/2=inch dust box^. by blpwing. the powder spray 

into the box through a small hole. A- tube, one-half inch in diameter, 

with a. ©*403-in;.ch corona mre three- inches long,., mounted in front of 

the entrance hole* provided the powder-charging means. A negative, 

potential öS the wire of between 3-,..0.0Ö- and h^OQ volts- was- used,._ fhe_ 

medicinal atomizer can be used as- the spray source. .An enclosed and 

compact bulb or Isöllöws device, which blöVs the atomized spray into the 

ibex ääd .also.' collects it through an- exit;, orifice in the. box,, could   _ . 

conceivably be applied to the present dust box. Such a .design should be 

•readily adaptable to the electrophotographic camera. 

Liqujd-Spray BjSve logmenfr 

The only experimental work -on, lid\ulo>spray development since the 

workjreported in Quarterly Progress. Report No.. '6 images J&tt-ßO?)  was 

i Atomizer P-65I, distributed by r$al Service Drug Stores. 

*•?;- united -Carbon Company, Charleston, Y/esi Virginia. 
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Other typos of spray devices have been used successfully < These 

include the fly-spray t3"pe of gun and the common medicinal atomizer. 

The medicinal atomiser has particular advantage when it is desired to 

use. the f:5ne carbon blacks, as i:t premixoss the air and powder in the 

reservoir before passing, them through the nozzle* This almost entireDy 

eliminates the tendency of the carbon particles to, agglomerate-. A 

reproduction of a silver halide photograph using the medicinal atomizer* 

and Kosmos BB Carbon Black** is1 shown in Figure 17k. _ .      - 

The process has also produced pictwos similar in quality to 

that shown in Figure Ilk,  when the plate to be developed is placed on the 

standardized 5-- by 6= by .2-l/2rrineh dust box., by blowing the, powder spray 

into' the box through a small hole; A tube, öhö-rhalf inch in diametexv 

\?ith a 0*903 ^inch, corona wire three inches long, mounted in front of' 

•the entrance hole, provided the powder-charging moans; A negative 

potential on the wiee of between 3-j.QQO and hsSOO volts was. used, fhe 

medicinal atomizer can bo used äs the spray source^ An enclosed and 

•compact bulb or bellows device,  which blows the ate -zed spray into* the 

box .and also collects-it through an exit orifice^ia theJäox^. could 

conceivably' be applied to the present dust box. Such a design should be 

readily adaptable to the electrophotographic camera, 

'I&quid-Spray, Development 

The. only experimental work on liquid-rspr-ay development sinpe the 

work reported in- Quarterly progress Report No. 6 (pages h9l-$02)  was 

* I\(vad Atomizer P-$£l, distributed by Wyal Service Drug, Stores. 

•3«:- United Carbon Companyr  Charlestön, '.'/est. Virginia. 
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Other types of -spray devices-have been used successfully. These 

include the fly-spray type of gun and the common medicinal at.om:zer. 

The medicinal atomiser has particular advantage when it is desired to 

use the fdhe carbon blacks, as. it prenixes the air and -powder ia the 

reservoir before passing thorn through the nozzle. This almost entirely 

eliminates, the tendency of the carbon particles, to agglomerate * A, 

reproduction of a silver halide photograph using the medicinal atomizer* 

and- Kosmos BB Carbon Black"** is shown in. Figure If 1<. 

The process has also produced pictures similar in quality to   f 

that shown in Figure; 17/U, when the plate to be developed is placed on the 

standardized ^ by 6>. by 2-l/2=ihch dust box, by blowing the powder spray 

into the box through ä small hole* A tube.,« one^half inch in diameter., 

with a 0.003^incft corona wire three inches long., mounted in front of 

the entrance hole1., provided the powder-charging .moans. A negative 

.potential on the tare ef 'between 3,QQQ. a-hd 1^.00 volts was used.- The 

medicinal atomizer caji be used as the spray source. Afi enclosed' and 

compact bulb or bellows device, which blows the atomized (spray into the 

box and also collects it through ah exit .orifice i;n. the box, could 

conceivably' be applied tö. the present dust box. Such <a  design should_]?£_ 

readily adaptable to the electrophotographic.-camera-. 

- itlquid-gpray Development:' 

x     The: only experimental work oh licjUidrrspray development since feho 

work repyrted in Quarterly Progress, R£pe-rt. No,. -6 (pages k97r5Q2f  was_ 

* Wad Atomizer P-o^I* distributed by Nyal Service Drug St:or;?s. • 

fät  United Särbon Company, Charleston, "Test Tirgiriia. ' 

RESTRICTED 
BATTcULE MEMORiAU INSTITUTE 



-568- RESTRICTED 

t ' 

•-t 

FIGURE J74. .ELEGTRQPHiXÖSRÄP'HJäG- RR;!N? OF BILKER HAL!BE 
SUBJECT DEVELOPED USIWG KÖSMOsIK CARBON1 

BLACK AND SNYAL ATOM IZER 
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concerned with the search for a better flor/ins suspension of lampblack 

in acetone, The simple slurry of lampblack in acetone that produced 

the fine=grain pictures had a tendency to clog' the fine orifice of the 

spray gun. It wc.s found that adding a stabilizing, agent and ball milling 

the mixture produced ä suspension that did not clog the gun.- 

The formulation of this lampblaek-^in-acetonc suspension is as 

follows: 

8 per cent läonsanto No.. 2 Lampblack*" 
7''8 jpö^ Gent C.P. Acetone " ~~ 
k per cent Sollod'ion 

10 per -cent water 

A IjOCHgram quantity of this mixture was ball milled .eight hours 

ifi a tvTö^quärti. crockery ball mill containing one quart of 5/«oVinch steel 

balls. 

AfiHSSIVE TRAl^SFBR AIJD FIXXt'lG; 

P.. G. Andrus 

T-he work reported on 'adhesive transfer in Quarterly Progress 

"Heport Wo» '(? (page 'Sö3-^Ök): indicated that adhesive transfer c6uidnhe 

better than the usual electrols tatjee; method Q-£  trarisferring,. It Vfa.s also 

found that transferring by exposing tlie paper to ä corona discharge. 
< 

'generally caused •brea&dev.'n'G£ the 'pia-tei Ait-hough the^e ä^e indieations- 

that, the interposition, of a sheet öf a good insulating material between 

the corona, and the- paper might, eliminate this breakdown, it was. felt 

important to. investigate, thoroughly, the possibility of an adhesive-tape 

transfer and fixing method. 
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k  successful method för transferring and fixing powder images 

using adhesive tapes has been developed. The method involves commercially 

available' tapdiFithd a relatively simple mechanism to produce the final 

print from the developed electrophotographic plate. "The present minor 

difficulties of the. process appear to. be such as can be eliminated by 

fei'.sible- modifications ef the adhesive tapes... 

The search for transparent adhesive tapes which can be used to 

qovc:r, and thus .fix powder images., which' have boon electro statically 

tran^ferred to ordinary paper, -has. been •unsuccessful. No tape has been 

found which will fix large-area,, hoavy^powder- deposits, to ordinary paper. 

Printmaking Proccdure 

The method of making a print using pressure-sensitive adhesive 

tapes is basically äs follows. The tape used for transferring the image 

is pressed onto the powder image on  the developed cieGifcophoiographiG- — 

plate using a rubber roller. Äs the tape is then pulled free of the platen 

most of the powder adheres to the adhesive surface. A transparent 

pressures-sensitive tape jL§_ applied jto ^pjffir_thei_pj2fider- image- -on- the  

original piece of tape, again by pressure 'between rubber rollers. The 

powder image is thus sandwiched between two .adhesive layerts;^      

Several pressure-sensitive adhesive tapes were tested in the- 

procedure described above.» The tapes were all of the "Scotch" brand 

made by the Liihnesota Mining '&• Manufacturing Company, St, Paul, .Kirine'sota. 

Tapes |lös,i 2?©, lfll9  600, 610, 7.0.0, 7r5©., and 800. were all found to, remove 

most of the powder from1 a plate under pressure application. Tapes Nos. 
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250, itfl, 700 > apct itO required more pressure- than the others,. apparent3y 

because the adhesive surface was j?clative3y rough and its depressions 

had to Be forced downs to touch the powder.. All of the tapes tended to 

remove, selenium from, plates whicR Md «s.sr adhesion between the* selenium 

and backing material« However, on most of the plates tested, none of the 

selenium could be removed by any of the tapes. 

There was' considerable variation in oth^r pertinent physical 

characteristics of' the tapes-,  wiese criäräcicristics are rated 

qualitä*ive3y in fable l|£t This tabulation indicates that Tape No, 800 

probably has the most desirable adhesive properties of all the tapes 

tested, However, Tape No. 7Ö0 has. the. .sixtguiar advantage, .of -being   , 

readily obtainable in a dead-white color, For this reason, the Mö, 7QÖ 

tape is rocoianehded when prints are to be made directive, and the :No>. Wi 

•when trahspäroneiös arc satisfactory. 

The epm^lete printmaking procedure requires that ä tränspareiit 

cover material be pressed onto the surface of the transferred, powder 

image to fix .and protect it. Of all the tränspäraii^tape materials tried 

^insludirhg plain- cellulose acetate shesting and'. Stüpsn Nib Ifeof.}' '"Sß&tch" 

brand Tajpe No. 800 gave the least trouble with regard to bubble and' 

wrinkle, formation. 

The .apparatus used to test the possibilities of the .adhesive'«- 

tränsfer method consisted basically of two rubber rollers mounted in 

wringer-roller' fashion. These: pressure rollers, were arranged :so "feat the ' 

force between the rollers could be easily varied by the adjustment of' 

weights on ä lever arm. 'The apparatus slcetched .in Figure 175 actually 
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TAELE 45» TRAISFm CEAMC-T3EISTICS OF PRESS.URB- 
SMSITIVE ÄDEESITF8 TAPIS 

Transfer Oharacteristics 
Transfer 
Pressure(!) 

"Unwind^,. " ~"                        .        Color on 
-Forced)    --     .SfocetchyS/'  Transparency^/ 

High Medium' High 

Medium Eigh 

Medium 

Medium- 

Sigh 

fegfe 

Medium 

fedium High- 

Medium 

Medium 

,Lpw 

High 

Medium 

Low: 

Low 

Medium 

Tan~Opat[ue 

Cloudy Yellow*- 
ish 

Yellowish. 

Yellowish 

White Opaque 

Iggshell 
.Opaque 

. Transparent,, 
Slightly 
Cloudy 

Vl> Relative pressure required to obtain uniform transfer of the powder^ 
image. High pressure is of the order of '300' pounds per square inch... 

(2.) .Relative force required 'to unwind tape £rom its. supply rolle. 

(3$ Relative siEeteh of tape under equal tension« 

(4)' "She  color or1 degree of transparency of the tapes that are nearest 
to white) or transparent« 

 j i 
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had two pressure rollers bearing on a third roller, so arranged that the 

image could be transferred and fixed in one continuous, operation. The 

transfer and fixing operations were carried out simply by pulling care-; 

fully on the final print sandwich. The rollers used- in the apparatus were 

1-1/8 iriches in diameter. Three roller hardnesses were tested-, two'of 

rubber and one of steel, '|he rubber rollers (3/l6 rubber on 3/U-inch 

steel cores) had rubber durometerhardnesses of 35 and 75 (Rex gauge-)-   

The roller hardness and pressures needed were tested by trans?- 

f erring powder images with the No. 7QQ Opaque ".Scotch" tape -and fixing 

the image with the. Mo. 800 »-Scotch»- tape. The rubber rollers having a 

hardness of 75 -CRex gauge) gave satisfactory prints when- a fqrlce öf 5ö 

pounds per linear- inch of roller was used for both- the transfer- and 

fixing operations,. Forces less than-. %0 pounds per linear inch resulted ______ 

in a greatly increased number of tiny air pockets resulting from the 

"oxigh texture of the-adhesive "oft-the tapes. "These tiny air "pbclfets were 

not entirely removed even at a force of $0 pounds per linear inch, and 

forces greater than 50 pounds- per linear inch did not greatly decrease 

the .number -©f' aia?-pockets. The -söf t'er. rJUb%fr-2?üllf£s- f-equifed much 

more force to produce ä print comparable to that produced .with the harder 

rubber rollers.. The steel rollers produced satisfactory prints at 50 

•pounds per linear inch, and even at somewhat :sm4@srjforces-j esxcept thai_., 

ia-ck of plate flatness .or nonuniformity in tape thickhess prevented the 

roller from- exerting sufficient, force over all of the plate. 

The tests of the transfer .and fixing operations -described above 

were carried out at tape speeds of about one inch per se/cond.. This speed 
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did not apoear to be critical, but higher speeds did result' in an 

increased number' of air pockets and an occasional wrinkle. This trouble 

may have beeru.due to the method of moving ihe. tape... i..e...... pulling on. the- 

sandwiched end» 

Special Transfer and Fjxihg Tapes 

The work that has been carried out on adhesive transfer to this, 

date has led to the following conclusions about the characteristics of 

adhesive tapes, to be used for' transferring powder images:.. 

(1) High-tack adhesive tapes are not necessary tö uniformly 

remove powder from an electrophotographic plate. The highest tack tapes 

/tested did not remove a, noticeably greater amount of powder than, the 

nearly täck^free;:g9iatin^coated paper. -(Use of gelatin-coated 'paper for 

transferring powder images is described' in Quarterly Frögress Report $o. 

6,  pa'^e 594«.X F^lT^ermpre, M|gh-tack tapes require an, undesirably large: 

force to be stripped-from the plate and have a, -greater tendency to remove 

selenium from the; plates* For these reasons, it is believed that a low- 

tä'ck tape is, desirable for .adhesive transf'er-r  

('2f)    The most notipeable imperfections in prints made using 

adhesive transfer and fixing, result from nonuniformi-ty in the surface of 

the adhesive*. This nphünifprmity may be either ä textured or rough 

surface pfiepcrsd intentionally, or may -result from inclusion of air 

bubbles when the tape is first wound into a roll» Ä pressure-sensitive- 

adhesive tape having a carefully rolled, smooth-surfaced adhesive is 

desirable fbr adhesive.transfer* 
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The Minnesota Mining & Manufacturing Company has undertaken, :to 

produce samples of special tapes having characteristics hearer the 

'desi5"-abie ones dBscribed äDove. These" tapes are expected to be 

modifications of an easily s^trlpp.able protec-tive^film tape having an 

extremely low tack, low adhesion, lew unwind force, and a smooth adhesive 

surface« It is; expected that the tapes can be furnished in either 

transparent, er wMte opaque form* First samples of these special tapes 

ao?.e expected to> arrive early iß Ka-rch, 

EXPERIIäENTS'. ON VÄCÜÜI'f-EVAPORiiEI) 5SLSMIÜM. PLATES 

J=. =L. Stockdale and 0. A* Ullrich 

Preparation and Testing of .Selenium-Cöat.ed., Plates 

tfork oh the preparation of selenium?-coated 'electrophotographic^ 

plates' during, this last quarter was devoted principality to, making a large 

number of plates for use in experiments on the development and transfer 

processes,. These plates were prepared using the techniques and 

conditions found t© produce the plate characteristics which are most 

desirable for the particular' development conditions used at the- present 

timei 

- Measurements m pöoenti|l-gec|y ;eharä.et.eristi.es and selenium 

thickness were mäde; on plates selected at random fr-öm this large number«, 

All-plates were thoroughly teste'd for image-producing qualities« The 

plates were also subjected t.q a severe, test for the cfdh§sion -of_'fehe. 

selenium to the backing plate. 
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111 of these plates tested had electrical and printma'king- 

characteristics which were so similar as to make one plates indistinguish- 

able from another in these tös-ls. A few pxa-bes-, les;s than 2D per cent, 

failed to some extent in the adhesion test. 

A comparison of potential-decay curves of old and new plates was 

also made and is reported here. 

Routine ,Preparation of Plates, 

Ap^r02±mätely 70 plates were prepared under standardized conditions, 

with, selenium films 50 microns thick, They were made according to- the 

specifications set forth in the section oh »SigineeEing Iriforma^ti-Qn'! on 

page 6Ö6  in the-Append#x-,0f-~thi5< -report*   

ApproMma-telgr $0  of these plates were prepared using an. array of 

seienium^eväporation boats which gave a deposit on the plate about 20 

per sent thicker in -the center than near5 the edges«. This"".nsmaairfoEmiiy 

of selenium thickness was corrected for the rest of the plates by 

adjusting tte filament configuration to '^ive a deposit which was uniform 

aver, the four*- by fi-ve^incH. plate to within plus or rainub two per een-i?.- 

The filaments were sufficiently loaded with selenium to prepare each- 

plate in a- single evaporation. 

— "The choices, of ^Q^micfori thickness and 70- to 7-4°'C:. .preparation 

temperature were made on the follömng basis.. It, was found that plates' 

with -selenium films less than 20 microns thick could tfiot be charged to a 

use-able potential without suffering electrical breakdown*, Thicker films- 

of selenium permit the acceptance of higher plate potentials 
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without breakdown. However, another factor limits the maximum film 

thiclaiess to 50 microns. This factor is residual potential (the potential 

which remains, on the plate .after light exposure) and is a .mi-Siknum-for 

plates which are held between 70 to= 75°C. during preparation. A ;5>0-micrqn 

plate prepared at these temperatures can sustain 2?£ volts without break- 

down and its residual potential does not exceed the masamum allowable value 

of from 5 to. 10. volts* 

Mere arid mere evidence points to the fact "that low" relative 

humidity iß the room .housing the vacuum -evaporation apparatus is ä 

significant factor in obtaining slow, darlc-decay rates. The humidity for1 

the period during which these plates •were prepared was generally well 

Under |0 pör eent..__ , 

•Sgage-rQuality .Tests, 

Ima^^quälity tests, on the.3.e. plates .made -during- the last—quarter- 

have been very extensive.. They include inspection of the image for the 

presence of: 

1. Powder-deficieht^areas; greater t.hän. one-rhalf millimeter in 

diameter (indicating 'gross breakdown of the selenium) 

2. Powder-deficient spots less, than one-half millimeter in 

.diame-ter (indicating start of breakdown-).  

3« Grainincss, or gross agglomeration of powder in areas which 

should be uniform in tone or density (indicating breakdown) 

it. Nonuniform powder deposition in large areas that should be. 

uniform in tons or density (indicating: uneven acceptance of pbtential or 

iihqvon däfk-^decay rate). •   "" 
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£. Powder deposited in highlights, generally irregular (indicat- 

ing unduly high, residual plate potential) 

6, Täter marks or cleaning streaks, resulting from poor cleaning 

ei" the backing material prior to 'deposition of the selenium^ 

The plates made according to the specifications given, irt this 

report do not give rise to any of the defects listed above if they are 

not charged to more than Zl:$ volts in- n-spv 

Pptential^Bpcay Measurem.ents 

Measurements- of darkr-decay rates for positive charging were 

carried out on plates chosen at random from this latest group, using both 

the ppfet-probe (Cambridge) electrometer and on the vibrating-^probe 

electrometer, ./ith the point-probe electrometer, the duration of the 

därk-^decäy test was ten minutes, and the decay rate started at about two 

volts per -minü-te and- gradually deereaspd.. &n initial potential of 200 ~ 

volts was -used. 'Jlth  the vibrating-probe electrometer, the duration 

of the test was '5>0 ninutes, and here the decay fate was very nearly 1. . 

volt per miilute. These results are in good agreement-.? particularly when _J 

one remembers that dark-decay rates are always faster at the beginning of 

the decay Period. It is impossible iv  do-fine- this decay rate in the same 

percentage lierms as- has bVen used in- other cases?, since the. definition of 

per cent, decay rate involved ä time interval only from .20 to 200 seconds 

after charging. 
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A, Test of Selenium Adhesion to- the Backing Plate 

No quantitative test of selenium adhesion to the backing plate 

has been made. Only the qualitative methods'of norms.1 use and resistance 

to: stripping vaife Scotch tape and resistance to normal wear have been 

applied previously. The advent, of the; ac^hesive^transfer method has 

introduced another qualitative test» but one which is much more seveite 

than the first two mentioned!. In spite of the seyoriiy. of this new 

test., less than 10 per cen4 of the plates shovr  insufficient, adhesion of 

the selenium to the backing plats *'- 

Ihe adhcsive-^trahsfer operation, as discussed in detail starting 

on page 570 of this^ report, involves two steps which give the selenium 

film severe treatment*. The first of these is the force of the härd- 

surfäee.d, rubber^ pressure roller against the plate as the tape is 

applied. This, may damage the plate if dirt or grit .particles are present.. : 

The second step in the transfer operation which gives the .plate a severe 

treatment is the; peeling of the adhesivö tape from, the. Elate...after 

transfer. This tape not only is pressed against the whole pMte surface 

more firmUy than in the ordinary Scotch-tape adhesion test* but it has 

. considerably more tack than ordinary Scotch tape. 

The degree of adhesion which can be attained between the .selenium 

-and the-brass Ivaeki-r/g material!: 'has been clearly demöhitfäted in several 

instance's:. Tho.se were -cases in which relatively, large areas qf- the- - 

selenium itself actually split apart - one. sidci of the selenium adhering 

to the brass, and the other' side adhering to the transfer tape.   , 
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IH.S collangous Po* ential-D.ecay Ileasuremerits 

Dark-Decäy. gates pS>_ Reduced Charging, Potentials 

The vibrating-probe electrometer was used to measure the decay 

characteristics .of br.ass^ba>eked, selenium plates when charged to a 

potential well below the maximum which they can accept» The ,pp,tentiäl- 

control-grid unit which was built for the vibrating-probe electrometer 

was used to charge the plates-. Both the dark- and light-decay 

characteristics were; practically the same in this case as. when the' plates 

were charged -to. their maximum with the open charging needle. The only 

difference nated was the fact that the dark-?docay rat.es. increase as the 

"potential to which the plates are charged is lecreasedV The curves in 

Figure 176 are typical examples of this effect, The absolute potential 

drop is fair3y constant for each of these, curves for any given time 

interval« This suggests the possibility that the decay curve is ä 

Combination of two effects, one nearly logarithmic and which predominates, 

at the. higher potentials ,• -and theu-other linear and' which predominates 

at the lower potentials. 

Remeasuremont of Decay Characteristics 

The dark-rdfeeay rates. of .several old ELatos. Were femeasiö,M-..and 

compared with similar measurements taken when the plates were :new.. 

These results are as follows-: 
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PLATE   12-1.2-49 B 
POSITIVE -POTENTIAL CHARGING-- 
VIBRATING -PROBE  ELECTROMETER 
USING   POTENTIAL-CONTROL 
CHARGING   UNJ.T   ^~^~.      !    •    "~ 

50  VOLTS CHARGING  POTEfyTiAL 

7% DARK DECAY 

00   VOLTS CHARGING  POTENTIAL 

en W«,TO   * 28%, DARK DECAY 
.60 VOLTS  CHARGING   POTENTIAL  - : ----  --"•-- 

36% DARK DECAY 

30  VOLTS  CHARGING  POTENTIAL 

55% DARK DECAY- 

100 200 

TmE, SECONDS 

300 

FlßUR^im CHANGE |N  CJARKHD.ECAY  RATE WITH GWNGE 

IN CHiAnGtNG   POTENTIAL 

.Q-= M 7*5-4. 
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First- Measurement Recent Measurement 
Plate 

Number 
B&elcing 
Ilaterial Date 

'   Per Gent 
Dark Decay Pi^te 

Pe'r Cent 
Dark Decay 

7-7-U9B Aliimihum and 
~MgF2 

7- 8-U9 JUO  .... 2-2-50 '      26 

9-26-U9B Brass 9-26-U? 32 2-2-50 16 

ll*äMi9A Brass H-,18^9 5£ 2^2=-5Q •   20- 

In ea-ch case3 the dark decay has become decidedly slower. It is: not 

known Whether this effect is due to a change in the selenium itself, ä 

change in the interface, between the selenium and the backing material,, 

or simply a change in -the moisture content in the selenium. 

Effect .of^G^eaning^Techniques,,'gfi Plate Properti6,s^   — 

!ihe cleaning procedure currently used in preparing the brass 

plate for coating with selenium, involves the use of Gold Seal Glass Wax 

^composition given on .page 5li of Quarterly Progress Report Nc* 6j use 

described in thjj section entitled ''Engineering Information for Camera 

Designl'-jpn page 60S in. the Appendix of this report). :Serae tests were- 

made to- determine what component or components of this commercial, product 

are responsible for ? ts value in cleaning the brass plates.. These tests, 

•although they are not complete, have, shown that the. presence of the 

pqx-röleum fraction ig>Tindöubteqly the most S^öri^^_ÄäBlgli--fä.ctQr in"  " 

producing slov/, dark-decäy ratest This component, has ho apparent bad effec 

in increasing; the residual spotohtial or decreasing adhesion. 
      -ti. 
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The virtue of the Glass Wax treatment is not tö' improve adhesion 

•or improve image, quality directly, but .only to cause the plates to have 

clräsr..d'».ä*lc—dfsonV  »n+ja.c.  £o"i?  nn.s.iilv,e=TDQ-tential   Charging-:- 

The composition of Glass Fax, as' presented in the above 

reference, is given as 1$ per cent water, 1$ per cent petroleum fraction, 

"J^B pef cent abrasive, ammonia, omuls if ier, and polo ring agents 

Shis investigation involved' comparing dark-decay rates, residual, 

potential, ima^e quality and adhesion for plates prepared with the 

standard technique and for ..plates in which the use of Glass lax was 

eliminated. The following procedures were substituted for the Glass Wax 

step in cleaning: 

JL_ §crub..with oot.pcn saturated jwith_ a watef sus.pension^o.f^rouge 

2. Scrub with Eon Ami* 

3:. Treat with ä dilute ammonia, solution 

h...   Swab with cotton saturated with .a solution of paraffin in 

Benzene and; buff to high -polish w-ith 4ry cotton swab      -  —  --- -_ ; 

S_*    No. treatment substituted for Glass V/ax cleaning. _ 

In -nö case did plates 'g^yen these treatments have poof adhesion?, 

poor image quality or high residual potentials. The only differences that 

appeared were in the rate of positive, dark decay. Rouge-, Bon Ami, 

ammonia, and; no treatment gave plates with decay rates twice as fast as 

when the_ Glass 3fäx step was. used* The- pafaffin~in-h.enz.ene treatment 

.gave, plates with decay r§tes one-half as* fast .as: filass^i/axed plates;. 

Apparently"'the petroleum fraction,'in the form öf" päräff-'M,. :is .an. 

important constituent for this purpose. Ihc presence of the paraffin 
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layer gives ;rise to a small residual potential., äs did the Glass "fax 

cleaning. As 'this residual potential is less than five volts, unless the 

 nj\.t.^,  ii.» ^i-vi L.l -• —i _ 
pcü"äi'i*"xci i'ljätt is- voö yhigK-, it UöSö nut utältrü tTSlubsO i-ii t'ht; pTüOßöör 

EHOSPHDR-GOATED. 3I£C.TR0PKÖTÖGRAPIinje PMfES 

S. J!. :Czyzäk and T. H. Zoiinski 

Summary of. P.ejsults 

In Quarterly Progress Report No, 6, ,page 519'•-»  it was recommended 

that controlled experiments be made on phosphor film thickness, and that 

various typ~es of phosphors be investigated för electrophotographic use-,. 

In addition, to -the above recommendations., experiments were conducted to 

determine the. effect of coating plates by spray or dipping^ the effect- of 

particle size, of phosphor, the effact. of binder composition .and- content 

in spray- of dip-coated plaees on electrical and photographic properties, 

la tlxe investigation of- the above-mentioned factors, the follow^ 

ing. points were observed^ ---- 

(1) The graininess of an electrophotograph is directly 

proportional to the particle size of the phosphor?  i.e., the smaller the 

particle size the less the graininess» 

_.-/-« .j  •\%'r ' The fai'thfuxReo's w:  uggax. r,en.avL.L,iön ±s improved by increasing 

the tluckness' of the phosphor deposit. However-., when the deposit exceeds 

'0*007 inch- in thickness> the tone does not. continue to improve. 
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(3.) Background was observed in all electröphötö'gräph&j however.« 

it could bo eliminated to a great extont by using a development grid 

with -a: potential-*/ 

(ii.). Polishing the phosphor stxrfaco after spraying or- dipping, 

does not improve any of the qualities discussed in (1), ('2.).j and (3) 

above5 indicating that none are dependent on the smoothness of the 

surface, 

(j?) Ball milling- a phosphor with a particle" size of £0 microns 

to a size of approximately one, micron, elimiminatos the £kuoresconce of 

the phosphor, matorialliy alters the electrical properties, but does 

improve the grain textures 

(6)' The manner in which the phosphor is deposited, i.e., spray, 

dip, .or flow, has ho effect on the electrical or photographic properties, 

and',, since the simplest way of depositing the phosphor on the. plate is 

by dipping, this method is foeölmehded« 

(7) Firm,  the series of phosphors examined,  three- possess good 

electrical and photographic properties. They are5 the following zinc 

sulphide; cad^iiunT^suifide phosphors F-2039 (RCÄ) and No. 120.0. 

$3u Pont) and the zinc sulfide phosphor 222^ (New Jersey Zinc Company). 

However, since the 2225 produces a photograph that ;has a finer tone 

quality than the others-, it is the best phosphor f er this, .application., 

Experimental, "fork on Phosphor Plates. 

The  föllöTOji'g phosphors, were used for electrophotographic 

research! 
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From RCA 

i?röm ja» a.*- -öii ^fons GO. 

F-2Q3t (ZnsCdS) 
F-2032 IZnO) 
F-2Qk6  (ZnS) 

5ii "("2nö; 
601 (^BSi02) 
1200 (ZnsCdS) 
501 (CaTOjP 

From New Jersey Zinc Go- CZn§;:G3S> 
2330 (ZriS) 

These phosphors' träfe used as received, except in one. experiment where 

some of the F-^203? was ball milled' to determine the amount of damage 

such treatment vfould do to a phosphor. 

in order tö eliminate uhsatisfaete.ry phosphors as quickly as 

possible,, the. phosphor plates were prepared by making 4 ls-1 mixture by 

volxime of the particular phosphor with, BC-f.96 silicbne- resiru This, 

mixture was spread over a four- by fiver-inch aluminum plate by means of 

ä doctor blade., producing a deposited strip tyro by five inches in 

dimcnsiohc All the plates wore tested for physical and electrical propr- 

erties. If,, however, the phosphor did not show any desirable electrical 

properties, 'no photographic tests were made oh it. 

Phosphor-^coated plates made by the use ef the doctor blade were 

of two thicknesses* 0.ÖÖ5 inch and 0.008_inch, and were five inches 

by two and one-half inches in area. As shown in Figure 177 and 178, tue 

phosphors F-t©3#'(ZrrfSdS ±sm RQA/i x2G0! tZtisodS from- Büpönt) ana W2S§' 

(ZnS from Now Jersey Zinc -Company) had good electrical properties, that 

•is-i siow,.darls«Kiecay faitosi and fast/licht-^doGay rates« ElectrophotögrapJxBii 

images were made with the above döctoy-bläde treated plates, arid the 
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•F-^2039 and 222£ phosphors appeared to give the best photographs,, 

Phosphors other than f~2®39->  1200* and 2225 did no-b have* sa-iisf actc=ry 

.electrical or photographic properties.»^ so no further "fork was done on 

them. 

As s. result of these preliminary findings, the following 

investigation was conducted on the three most promising phosphors 

('^203=9, 1200, and 2225)? 

(1) The phosphors' were sized to. .dötorminc the effect of particle; 

size on. the electrical and photographic properties.. 

(2") The aluminum plates (four by five inches) were coated with 

phosphors by two other methods, dipping and spraying. The object was to . 

observe the effect on the properties, -caused by the 'method of preparing 

the plates. The clipped plates- were, withdp4wh_from the solution at the 

rate of one inch per minute and the sprayed plates were given ten passes 

of the spray gun. The gun was placed 6-3/2; inches from the plate,; the. 

air pressure was ij.0/ pounds per square inch., and the plate moved past 

the gun- at a rate of lij. inches per second. 

(3) The plates wore tested, for electrical properties and, using 

these data, photographs were developed. 

(Ij.) The photographs were printed using adhesive transferring and 

fixing as described in Progress Report No* 6, page 5>03'. 

\5)   Tip EV20jsy pnosphbr was bail milled' for :ä._p.ör;:',pd of four/ 

hours to determine how seriously the properties of the phosphor are 

affected %hon the particle size is reduced, by this method,.- Previously,, 

all phosphor plate? had been prepared by spraying. Since,,, in the 

"ja H ir-' — 
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preliminary tests, the electrical and photographic properties had not 

been altered by the doctor-blade method of coating the aluminum- plates, 

on3y one plate was prepared by spraying to serve as a check oh "the 

doctors-blade method. Further, since the 2225 phosphor was not available 

;and oriüy a small quantity was on hand., it was Used very sparingly to 

serve as a check on the data obtained in detail on the F-2Q39 phosphor. 

Tables I4.6 and hi show the coating thickness and charging, exposure, and. 

-development conditions used* respectively, for the e^jefimer-ts outlined 

above. Fisur-cs 179 through I83 show the electrical properties that were 

obtained. These figures shop; darteänd ii^ht-Kie.cay curves and residual 

potentials- for bs-th- positive and negative .charging. They also show the 

^effect of an infrared heat treatment on the potential characteristics pf 

these phosphor plates-. This infrared treatment consists of exposing, 

the plates to a rcsistahce^heating unit, for ton minutes which raises the 

plate temperature to over 1O0°@-. -  - - . _ .. . 

Discussion .of 'Hixperlinpntal Results 

From the graphs in Figure 177 and .178., it can be seen that the 

Fr-2039 phosphor has the fastest light decay* It is better than 1200 or 

2225 by approximately an, 'der of magnitude. In general, the maximum 

. charge. ac.ce.Bted b?r the various .-phösphor-ä is .approximately the, s_ame,..f,or 

the same thiclaioss of phosphor coating, ("Figure 177 and 178;)j when plates 

are treated rath infrared before exposure,, the maximum potential is some? 

what higher.. Further, it can be seen that for the F-?2Q39 and 2225 

phosphors:, the light decay is approximately the. same regardless of 

1 7- RESTRICTED BATTELLE  MEMORIAL. INSTITUTE 
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of polarity and treatment* in the case of 1200 phosphor, the light decay 

is faster for negative polarity and for non infrared-tr-eated plates* 

The electrical, properties .are^the. same whether to 

prepa-r-ed by dipping or spraying* and curves' which are: typical of both 

'- ape- shovim in figure 17.9» Photographs made from plates prepared by 

these two' methods did hot show any advantage of one method over the 

other»; Since the dipping process is more economical,, this method of 

preparing phosphor plates will be used in, the future«. Also-*, the 

phosphor thickness- can be held to close tolerances by controlling the 

withdrawal rate of the plate from the phosphor solution. 

From the graphs shovm, in Figure.s 13,0 to 183.,. inclusive?  it' can 

be: seen that the maximum potential of the plate increases when the 

_ -thickness, of the phosphor increases from 0...QO3.i> -inch to 0.007 inch. Ylhen 

the thickness increases beyond 0.ÖÖ7 inch, no significant change in, 

accepted potential is observed. It can also be observed that the 222£> 

phosphor', even though e^pröximateäy ah order of magnitude slower in- light 

decay,'has > at a thickness of 0.003$ inch,, th<^ equivalent, electrical 

properties öf the F-2039 phosphor at, ä thickness^ of 0.00? inch. 

In Table lj.6.., the particle size of the. various phosphors tested 

is listed« Table 'k7  lists the conditions under which the plates were 

developed and printed* 

Particle, size, apparently is a very important faxitor :in. determining 

the graininess of images made with, these phosphors. A strict comparison 

cannot be made Qh the basis of data presented here since the series of 

plates which is «used to sbow the effect of particle size on graininess 

RES, 
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ineludes different tppes of phosphors as well. Howevers Figure 181} 

shows four pictures which illustrate the effect of particle size, and 

it is apparent that a decrease in particle size from 75 microns to about 

five microns brings with it a decrease in grainihoss. Although' the 

electrical properties of the plate made using the ball-milled F^-2039 

phosphor were altered considerably in the pfo.cess of. milling, the 

photograph made from that, plate also showed improved grain quality. Its 

.grain is comparable to the picture made with the 2-225 phosphor plate 

(particle size 0.j> to £,.0 microns). 

An increase in thickness of the phosphor coating improves the 

töne quality up. to a thicloidss. of 0.0Q7 inch.. Beyond this thickness, the 

quality shows no further imr-ro;dement.* Pictures rrads from four platesr 

each having a different phosphor-läyer thi-ddacss, aro shown in Figure 185« 

These pictures illustrate this improvement, of tone with thickness. A 

correlation between maidiaum accepted potential and image quality exists, 

in that,, for thicknesses up to 0.007 inch, an increase in thickness 

increases both accepted potential and improves imago quality. Above 

0.007 inch 1-» thickness, no improvement in either is' noted. 

Polishing the- .surface' of a phosphor coating --in no way improves 

the. tone quali-^y or graihiness., jThis indicates "that these character is tic§) 

are. not affected, by Ühe smootones4^ofLjthe_pkojiphör surfaca. Pre.l?Mna;fry 

tests on reducing the background have been made by using a potential sn 

thö development grid. . These tests have shown enough promise to justify 

further investigation. 
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flip results of the -experimental work to date may be summai?ized 

as follows: 

(1) The 2225 phosphor is the best phosphor tos tod to date for 

photographic? use, 

'(2) Thq F-:2©3,Q phosphor might prove to be a better phosphor 

than* the 2225> since' it has ä considerably? faster light ddcay, provided 

it could be produced in a smaller particle; size '(0.5 te 5.0 microns)*^ 

(3) The. ßle'ctricäl properties and particle size of a phosphor 

are direct indications of the tone quality and graininess that can be 

expected in a photograph. 

(V) The tone quality and graininessL are not dependent, upon the 

smoothness of the phosphor surface. 

Insofar äs further work on phosphors is concerned, bhe following 

should' be. consider.cd.r 

(1} Elimination of background 

,(2'). Further study on the effect, of "particle size 

(3) Establish tests for1 studying- such properties of these 

phosphors., as spectral sensitivity, optical absorption,, and conductivity 

(k)    Determine the. effect of using a potential-control grid in 

'Chargihg those, plates 

(53? Iw0¥QW'Q pi'Gsent test equipment to- increase the accuracy of 

the- data'., 
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(pata for this report arc recorded in Lsboratöiy Record Books* 

Nor U130, pages 3I1. - ?6, inclusive. 
Mg_ ..ir-agß. Tnn.cre.s-66 -•? 100-y inclusive *- 
Nö. U872, pages 3U - 8p, inclusive* 
No. h$hß,^ Pages: 19. - 28, inclusive. 
IIo.. 5003, pages 1 - 39 >  inclusive;. 
NOT #@0& pages 1 - -8§-, -inclusive, 

Nö.. 9>. pages    1 -   16, inclusive.) 

JTW/LSV/sswr 
March 9> 19^0 

BATTEU-E MEMORWit, INSTITUTE 
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APPENDIX 

Snginooring Inf orgation for Design of Eloetro.pho to graphic 
'"Q;anera as Given in a Letter to ,Dr." Dossauer ' 

"'   '   of" The Halo-id" Company " 

Febjuärv 2..= 3??5>@" 

Dr. John Dessauer 
The Haloid Company 
Rochester 3?  NUT/York 

Dear Dr. Dessauer:. — 

The' following recommendations for. the. basic data ©n. which to. 
construct a camera for the. Signal Corps project arc made in compliance 
with your letter of January %- 1?MG-, -addressed -to Dr, Schaffert», 

These recommendations are the host that can Be made in. the 
light of present information^ It is the consensus of the group working 
Oh this project that those conditions represent- these which- will produce 
pi.Qtur.es of quality equivalent, to the best that have been produced in the 
laboratory.« Recommendations are based oh thq over-all camera 'design- 
already accepted by 'Tie Haloid Company. 

In seme cases, it has been suggested that a. certain amount of 
flexibility be incorporated in the camera design to' allow for later 
adjustments.. It is also- to be undqrsip od that work after this date may 
change -some of the actual process steps so that better results may" be 
obtained as. the result of future work., Such alterations are not expect^ 
ed to change any fundamental design elements, of the camera, but they may ' 
lead ts the future racommenda;tion fiat- cor-tain- miner- -features in'-the—  
camera be Modified,? for example, the nature of the brush which generates 
the powder cloudy or the developer" powders to be used -with the -sämera« 

No spouärfi-C: reconunengä-tiöns are being made on "the construction 
of the power supply, äs it was agreed some time ago. that your company~wivs ' 
to work -©rat this asfco'ct of the came.fa design. 

Iii making; recommendations,, «every attempt has =been made to leave- 
-3.5  much freedom-as possible. f<5r y:our design efforts. For this reason,? 
nothing is said as to exactly how the mechanical features of the camera 
shall be constructed. ",[e- have attempted to set dqwn only the' fundamental 
details of the process to. bo Carried out. 
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Plate. Backing Material-.• The backing, material to be used is. 
Gem Metal brass (General "Plate Makers Supply Company, £22 South Clinton 
Street, Chicago 7, Illinois) with a highly polished and buffed surface 
(as photoong-ravers* brass)» Metal thickness of .0,.06tj. in.eh has been used 
and can be rccpim-isnded. Thinner brass may be used, but the thickness 
past be such that selenium will hot sraek off of the metal during 
handling and such that adhesive transfer will not bend the plate of crack 
off -selenium* llinimum thickness 'has not been 'established. 

Preparation of ueta4_B,ackihg-Plato Surf age. The ffietal surface 
is to be; cleaned by sdrubbing with' a^eottoTTsffab wet with Gold Seal Glass. 
'.Tax,, polished röth ä dry cotton swab to remove Glass TTrx residue, washed 
with synthetic detergent (fiupanol), rinsed, thoroughly with tap water and 
imuediately rinsed with methyl alcohol (commercial). The plates are 
then m"::ed'iaioly- dipped into a vapor>degrcasing' bath containing boiling 
isopropyl alcohol*. /After this- they are placed immediately in the vacuum 
chamb.pr. 

Great cafe must be exercised in- the preparation of the plates 
for selenium1 ovappfatiöh» Certainly fingers or .other objects must not be 
allowad to touch the plate after the cleaning process has started. The 
above deseriptiph includes all of the obvious stops in the process as it 
is carried out in the laboratory. However, there may be some unobv-ipUs 
techniques which will have, to be; discovered by trial, and error* 

gälcffiiunu The selenium to- be us^ed is Canädiam Copper Refiners 
.IRQ brand, £,.£. > shetted.       ,   ._... 

Plä;'fe.Q_TeHipQr.at'4f:e During Ifoappfa't-lön. The: pjlat.es are to be, 
fastened ön.~a metäl"piäten' hepid betweeni 70' pnä ?ii-;?C. during the. a-ctual 
evaporation process« Plates ;must be fastened securely to the platen so 
that good contact is- assured over the back öf the plate. 

!yyagöratj.pn of ..Selenium. .Selenium is i:o; be evaporated from 
suitable boats ~.so that the entire charge öf material will be evaporated. 
in. .approximately twelve minutes (molybdenum boats ai\e used in the 
laboratory).. The charge oi'' selenium-, is to be dptornined so that plate- 
with a uniform coating, of .seleniurn., between f>0 and '£>£ microns, thick, will 
result. Pressure in the evaporating <chambors"hpuld be below 0.£ mrtcjoji 
befofc the selenium is heated-,., ~ 

Variations of sBlen-iuur thickness over ä sihg'lei plate should hot 
exceed plus or- minus, -one micron*, 

Sic plate should be. reduced to room temperature Ivitha-h two 
minuteg. of the. end .of the Qvapör&t-ion cycle, ilompval of the pla^e from 
ftpateji pin ten within "£wo; minutes is sufficient tö fulfill this retirement, 
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Ppwor Supply,. The power supply should furnish a total B.Q. 
voltage siuffibiGnt to provide all of the voltages required by the progess'. 
The voltage output,, which will be in the neighbprhffod of 7,000 volts,, 
should not vary more than plus or minus 100 volts-, or an adjustment 
should be provided so that the opora-tör can adjust tho output voltage to- 
this ränge. 

k>wer-vpltago taps should be provided for the potential-control 
grid of the sensitizing unit and for the development grid. 

Voltages' on the potential^control grid should be held to within 
plus- S3? minus sisVvelts and relatively simple means should be provided 
for selecting values f.or this voltage from -100- tö +3Q0; volts, The 
control for this voltage should'be available to the camera .operator, 

Voltage oh the development grid .should be available from ^50, 
to *200 volts. This' voltage will be delivered to potentiometers; to be 
described under ä; separate section. 

FlaterScrisitizfegJünit. The- platen-sensitizing unit .recssrimended , 
is tha-t designed and made by''The Haloid 'Company. /Tl is unit has been 
supplied to Batt.olle' for experimental x\se arid it ±$'- understood that The 
Haloid Company cäh cä:?zy out the adaptation of this unit, to the Signal 
Corns camera. 

The potential on the corona wires should be 61|©d plus ^of minus 
90 volts. 

The spacing between the potential-control grid and the pla'to 
surface should foe y/lh3 plus or minus 0.015 inch (±0*005" over any plate).. 

Jfiifi travel of the  charging unit, over the platte should ;be. one 
inch, plus or minus 0>2 inch per second {±ÖvÖ5" for motion, over one pia&q.^.- 

The  charging unit should move far enough on cash ond of its 
stroke 'so that its center lino moves: erne inch past the edge of the 
selenium area which is "being sensitized. 

  The final plate potential should not exceed, 2J$ volts.    The. 
potential to which the plates- are sensitized should -be plus o,r mirms 
k per1 cent of tho potential selected for/any given set of •conditipnsv   . _ 

As to the potential on the pötcntial^cöhtröl grid,- it- is 
•recomrilehdcd that a potentiometer be provided wliich will allow the adjust- 
ment 'of this potential tp values between; minus 100 and plus 180 volts.. 
The potential .on. this (piemen* should be maintained sp*that it dees no* 
-change more than 5 v;oits when the corona current is flowing, to it from 
the COTöna-dls.ehcrge wires* 

BATT-EU-E MSMGRIAU INSTITUTE 
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The plate^sensitizing unit must be so construe tod that the 
free (unsupported) length of the corona-discharge Tares is o*-\Q inch 
greater than the width of the selenium .surface to be sensitized, 

Plate Exposure«    Plate exposure is 'bö be made ärecording to the 
indications of a. photoelectric exp.as.uro meter of the conventienai. type« 
It is possible that further work will show that the reciprocity relation- 
ship' does net hold for electrophotography well enough that the simple 
expbsurd--Gäl-cäilatins scale on. these meters can be used.    In this caso>, 
the data will be supplied so that a modified exposure scale can be made 
for one «of the conventional exposure meters. 

It is understood bhat Tlie -Haloid Sompany is to supply the 
photographic lens and is to select this lens on the basis of Haloid's 
knowledge of the- photographic process.. 

Time Period Between .Sehsitizätlon .and,Development»    It is 
recommended that "the "plate be -fönäStlzed" ,imiiiod'ia'te"3y before ejcposureand 
that* irr general, the plate be .developed asquidcly as. possible aftea?Lib-- 
£s exposed'.    However, there wiÜ be occasions in which the plate jvill 

n 
f > 

ut;   Bt;iiöiL.iLiit;u. emu  iiu i>  ejujoauu..      XJJ J.S- &-e uujiiimajuuyu.   uuao,   xx   a P-iaue   uas 
been sensitized for longer than fifteen minutes, it be resensitized before 
-At, is exposed. -       -.     ..".__      . 

Before a plate is resensitized it should be exposed to light 
to remove the residual charge on its surface-.. For this purpose > it is 
suggested that a small bulb."ö-£ approximately five watts input be mounted 
in the camera and arrängqd so äs tö expose all-parts-öf thu jlct-äs- A 
switch should be provided,,, possibly in the form of ,a push button, whereby 
this light '.can be turned on for about, one second when it is necessary to 
resensitise a plate. After this exposure of the plate>  the, sensitizing, 
process can be repeated. It is' roe:omraendod that the plates not be 
resensitized at intervals less than -five minutes, More frequent 
resonsitization. may lead to undesirable plate-fatigue effects. 

It is recommended that a plate be developed .within twenty 
minutesof the time it TIES, sensitized* Thus,, if .fifteen- minutes time has 
elapsed between 'schsitization and •exposure, the plate should be developed 
within the next five minutes. If the plate, was exposed five minutes, after' 
it lyas sensitized,then fifteen minutes 'may be allowed to pass before 
development., 

Laboratory work on the time delays bo-trae'en sens-itization and 
development have, been sach that it was impossible to. establish any 
minimum times for this period. It is recognized, however,, that it may be 
necessary to set. a minimum time between plate sehsitization and develop^ 
ment. It is EeGSmHend'ed that this minimum be set by experimentatiün on 
the final camera.. Such iftihimum'. time intervals: will not, be greater than 
ehe minutei however.     — - - - •       - 

I 
i 
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Developer Box* The developor unit should consist of a, brass 
box of internal dimensions approximately five by six by two and öne-half 
inches» the bottom öf tfiis box is to be covered with l6-mcsh bronze, 
s-creeh*       - 

Brass is  rcconun.en.ded for this box sirap/ly because it- has been 
found satisfactory in laboratory modular It is lilcely that oääför metals 
•would, be .equally? sa:tisfactors'". 

She powder cloud is produced by a herse^hair-brush.-arraagod to 
brush -against the. screen in the bottom of the box paid to move, over the 
entire width of the- box., The brush may =bo hand or mechanically .activated« 
Hand, activation can be provided by extending a rod out of one. side of the > 
camera body. The brush is* made of a continuous section of hörse^liair 
bristles one inch long and approximately 1/8 inch thick at the base, or : 
compressed section. The mounting of the bristles is optional, and consider 
abfe variations .in the brush may be sa'tisfactory? It is reeoimsended tha-t 
the brushjie^ mounted so that the pressure o£  the -bnish^on the; wire; s;crem 
can be adjusted. The brush should extend the long dimension of the box0, 
that is, with its motion across the narrow dimension of the box« 

Thö. actual, nature of the cloud of powder produced in this iype 
of powder-cloud developing box depends on how the air currents flow when 
the brush is activated«. Fpr this reason it nay be desirable to'; add air 
baffle to; the brush irembör,. _ However* the exact nature of this baffle will 
have to. be determined äs the result of experiments on the camera itself. 

It is reeömmerided that elastic stops be placed to limi\the 
motion of the brush to within IÄ inch of the sides of the box. Banging 
<?f the brush against the} sides of the box will produce large: clouds 6f 
powder, but this effept should .be eM-minated "because of its varictbility. 

Heans should bo provided T:or draining put the entire charge of 
developer' and for re,filiing. the box with fresh developer after approxi- 
mately twelve prints have been made. 

A sliding cover must be provided to separate the development 
"^chamber .frpm the exposure chamber of .the camera when there ls> n& plate Jin 
the developing position. It is. -racoinmehdod that thp-s slide Q.ciupyLJtihe  
..position which would be occupied by the plate during development so as to 
assure thät nö developer powder can i?rifej.r the upper portions of"the 
camera -eveüT if "thu camera is inverted and, vibrated =• 

'while it is not necessary, it. is suggß'stsd that ä-shield1 b.Q 
placed ,gn  the plate durjng the development &£ the plate., ^ßiis..shield 
ko.uld be s.o. made that it- restricts development te a Inaiitcd area o,f to« 
pla-tc; for example, to a four-by-five-inch area in the_present caihera.'. 

J 
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The development box should be provided 'with a flvo-pöint 
potentiometer arranged so that thti switch arm. wi*£I advance one point, on 
the- potentiometer for_ every, tiro complete cycles of  the brush. This 
potentiometer Is to be arranged to: control the potential of the develop- 
ment grid äiid the p.pin-bs should be arranged so that potentials of .from 
mortis p0 to plus 200 volts can be applied to the plate by insertirtg; the 
iproper resistors between the switch points/ This switching, arrangement 
may snot be used in the first camera to be construptod, but it should be 
included ta 'allow peipntial control of the grid if necessary. The 
voltages to be Required on the ateps pf the potentiometer will be 
determined later* - .  - 

In addition, to the automatically operated potentiometer, a 
second potentiometer should be provided T/h'irah 'can be used to adgust 
manually the potential on the development gfeieL r This potentiometer should , 
•permit, voltages to be applied to the grid from minus. £0. to plus 5©'-» 
This potentiometer .is rec/aiimehded for possible. Use in Controlling the 
overfall dciisitf rangp. on the filial print, even if it is not found desirable 
to cycle the. potential on the. development grid* 

tactically/ no current is required by the gcveippmerit grid; if 
it is> joropcrlY Insulated, from tho^r.est Pf tho aa.me.ra, Epr this reason 
the resistance involved in the- potcntioaic-tsrs iÄcpr^iended" issy be-very'nxgrU 
certainly in the. megohm ranges. " 

Dpveloper. The 'devalop.er will consist of- plain, beads: and a 
resinous powder aäithe proportions of tvfelvc to one by weight> respectively 

The glas,s bsada are' 3.0 on 50 screen fraction. (Type 8 of the- 
Ilinnespta, Ilining -and Llahufacturing Company.) 

The use of plain ;glass beads is recoEmendad at this time-, but- 
future work inay change the situation so that, some other carrier will be 
found which has important advantages-. The change to other carriers will 
involve no import ant changes in the, ipamera design.    _"__-._ 

The recomriended developer powder will be composed of <->$ per 
cent Amberoi F-^l (Resinous Products and Chemical Company)5 and $ per 
cent (by Weight)' figment Deep Blackj Sxtra Concentrated PV .(General 
Analine. and Chemical Company). In preparation,, the ingredients are- fused 
together and dis.p.ers.gd. on. a. rubber, mill- . The* cooled r.gsMue is then 
micreatpmized to an average particle size of three microns. 

In case The -Haloid' 'Company is not In a position tö> manufacture 
'developer powder for fulfilling the Signal Corps contract, Ba-t teile will 
be in ä, position, to manufacture, and' •deiiy.si* small but adequate amounts 
•of devclopere powder for demonstrating the camera. 

L. 
1 niul 
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Developer is to be added to- the developing box äs a final 
adjustment based on the 'performance of the: camera» Approximately sixty 
granis1 is recomaendod for test. This quantity of developer v/HT. process 
twelve plates without -serious changes in dcjasi.ty ef the final ima^a=. At 
Lho end of twelve prints, it is recommended that the developer be     _ _.. 
discharged -and new developer added. As an alternative procedure, it may 
be possible teretohe the developer,, but a rotoning procedure is hot 
fixed as this tine> -   _ 

The quantity of developer tö tec used can be determined 
volüme-trically S'M sight be provided- in small, disposable envelopes-. 

Beycljepor Grid. The development grid should be constructed of 
approximately 0-.0d)3^-inch diameter, stainless-steel wire (wire^rscprder- 
wire). The grid should have sixty wires per inch and .should be so 
corstructcd that the wires extend in the direction of motion of the brush. 
The grid- should bo so constructed that the wires feemäin taut in- the 
.camera.     _   . - 

The grid should be mounted so that the plane of the wires- is 
flush with the top edge of the developer box. A construction of grid' 
which has been feund satisfactory involves a -rectangular frame made of' 
l/8-inch by l/2-irieh angle iron mounted- within the confines voi the 
developer box* This, produces an actual- -grid:: area four by five inches. 

A grid*to=plate spacing of 0*080-,, plus or minus 0.010 inch, is 
recommended with the gri& stationary wi#h respect to the plate during, 
development. It is suggested that the grid be so mounted that it can be 
ödäus-ted., in, the final camera,  from1 0. 
spacing. 

to 0.080 inch grid-r to -platte 

The development grid rriust.be electrically irisuläted from the 
developer- box and other metal parts- ef the camera so that potentials 
up tp liQO volts eaii be applied to the grid. (A 200*-volt safety factor is 
included' in this figure.) 

The development- grid must be wiped clean after each picture has 
been developed^. It is recommended that this cleaning' be- ripne by pushing 
over the grid a device .consisting of small felt pads clamped entö the. 
wires* and possibly guided on the sides of the. development bex«. It is 
recognised that enlly 4 small space exists abeyejohe acvelopment .grid for 

ueifipc; the, Uppuz; pox-y.'-isiü öf thxs. yjjrxiiii 

Piato_ DeTplepiaen-t^    After the plate is ntoved into tat; deve=l-©p.-r 
Inf position;, im..iöcliarfjö3^ above the~dovolopmont. gridt, -development is, 
effected by .manually mpvirjg the red eennested. te th:?' brush, ih the 
developmoniT boxv    The red. s;hpuld bo moved smoothly back and forth .over 
the. entire ex-ten* of the box .'(except for- 1/ü-inch clearance at .each, end.), 
.to obtain full lengths pf stroke?. 
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The 'complete development of a plate should consist 'öf lt.0; to 60 
cycles of the ECSLJ- that Is, 80 to 120 passages of the brush over the' 
screen in the bottom of the developer box. The developing, time should be 
20 to 30 seconds., that is, two cycles per second. 

During the development process, the box sftpuld be held s:o that 
the plate being developed is essentially horizontal* limits1 of departure" 
from the- horizontal position will be determined later. 

The above specifications for development are the best, that cäw 
be made at. this time. Hqwev/pr, the. whole? development process wil'l 
receive major attention in the remaining porti-on of the project and It. is 
hoped that, improvements will be made before the1 delivery pf the eamera;. 

Trans ferjjater ial. The best rcc/öjrimendhtion that can-be made at 
the. present time .for' the ~ transfix tape is Llinnesöta Ilinirg and Manufacture 
ing Cpmpan,y Tape' No.. 700, .ihit&s This tape is .made., with a white 
cellulose acetate fiber backing. It has been' used to make satisfactpry 
transfers in the laboratory..,. Tape No* 700 requires abo.ut five, pounds 
force to pull it -off pf the original roll in "widths* iisabie. in ä cömera 
.and it -hs.-s more tack than is required for the transfer of the powder images 
Under •pressures required to pull it off the roll,, it, is expected to. 
stretch less than föne, per cent* 

T..hile this tape is recommended .at- the present time, a major 
effort will be made to improve this particular täp,c. ör to pbtaiji 4 more 
satisfactory -tape before the camera is, firiished. Specifically,, a tape 
Jia^ing. lesss "back and one which can be more easily pulled .e-ff of the supply 
roll will be sought. The .nrnnespta Mining and Ila^ufactüriiig Company /has 
promised samples of tapes which may be more desirable., and efforts will be 
made to reduce' the unrolling force required, cm thn Mn^ 7Q0' tape by 
treatment of the back .surface, of the tape or by tfte fe-terposltion of a 
separate release .sheet. 

Ajhegiyo.Transfer. Transfer of the image from, the plate to ä 
final surface should be dene by means of a white, j; opaque adhesive tape* 
In the camera, the tape: .should be unrolled and passed over an elastic 
bail-bearing roller In contact with the image surface of the plate. This 
roller should have an outside diameter of one inch-,, the outer three- 
sixteenths -of which consists of a rubber'material hairing a rubber 
©urpmcter-Jlubber Hardness of 7£ to 80 (©ox Gauge). This re.ller should 
press agjyjfls* the plate with a. force,pf 2QQ pp.yhds... Tbis. .farce shouid .be. 
applied only when a transfer is actually being made-., - 

It is recommended that the plate be backed, up during transfer 
by a roller having the same specifications as' above.* .This recommendation 
is .made because, of the possibility of bending the plate during transfer, 
with pther arrangements'. 
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Transfer should be done ät loss than one inch per- second. 

The moans- of delivering the tape to the transfer roller ag. of 
propelling, the' plate and tape through the transfer operation are left to 
the Judgment of the- camera, designer* 

I leans should be provided x-or removing and disposing of a ^ 
nonadh^ivc interleaf from the original roll of adhesive-transfer maoe-rmi 
if such an interleaf is foundjiesirablc in later research*. 

can be made at Fixing Material. The best roeommehdation that ._ 
the .present tia^for "ifrräxing tape is iiinnesota Mining and Eapufacturiffg 
Tape No. 800. This tape is transparent to-a degree sufficient for the 
purpose and requires small forces to pull it off the supply roxx, 

attempts will be made to Und or develop other tapes for this 
purpose before the completion of the camera, but this tape is believed to 
be "satisfactory» 

Adhesive Fixing-. The image is to be fixed onto the adhesive^ 
transfer materiafFfThe imposition of ä transparent adhesive tape^. inxs 
tape should be pulled off the supply roll In the camera,, passed over a. 
pressure roller" and impressed onto the transfer tape- 

The roller nised to. impose the f:ixing tape should be of the same 
construction'as the'transfer roller, and press against the tape with a 

force of 200 pounds,. 

The means of delivering the tape to the transfer roller and of 
propelling"the olatc and tape through tho fixing operation are- left |o- 
the judgment of the camera designer. It is suggested that consideration 
be given to the use of a drive roller> possibly coated with silicone 
resin, and to the possibility of activating the entire transfer and 
fixing operation by the force exerted on the tape as the picture is 
pulled out of the camera.» , 

Means should bo provided for removing.,and disposing of a hon-^ 
adhesive interleaf from the original rol_L of adhesive-fixing material*  - 
if such an intexloaf Is fouftr-1 desirable in later research. 

Plate Cleaning.. _lt_ is recommended that a small unit be 
cons-taLcted .^r.~clQS_ning__us.ed ^piates_i-n^a_granularLjnatoricürf —This-; ~- — 
device \may involve either the rocking-tray or the plunge type of cleanings 
The fundamentals of these two types of cleaning are so well knovm that 
they need no further description. 

-- .  The construction of the cleaning unit Is left to the camera 
designer äs is the question as to whether it should he a part of the 
camera.) a part of the power supply-, or a separate unit* 
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It will be necessary after the cleaning with a granular' 
Material, to wipe the plate with a cotton .pad.», or .a small, soft brush 
and it may be necessary to; supply a small brush for »ompving residual 
cleaning material from the metal hu-ad at iJho. edges of the p^ato., 

After the plate has been used five times, it should be washed 
with -ethyl alcohol and allowed to dry "hef ore reuse. 

general Socoatvjndations. It is' recommended that desicca;nt 
car triages" 'po mpuhtod in the main body of the camera and in the develop- 
ing chamber .so that the humidity within thoa can be kept low regardless 
of the humidity of the air in which the Pamela is used. 

Very truly JQWS) . 

(BignedD. Lewis. S. UalKup  

Lewis E» Vialliup . 
Assistant Supervisor 
Graphic Arts Research Division^ 
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